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Abstract
Synthesis of novel broader rim calix[4]arene derivatives has been carried out, 
initially, using palladium coupling reactions. Further derivatisation and investigation 
into host-guest chemistry of these novel compounds has also been accomplished. 
Conditions have been optimised for the coupling of both ai’omatic and aliphatic 
acrylates. Stereospecific formation of the all tf'ons coupled product of an exclusively 
p Heck coupling has been observed throughout. All compounds (of the type 11) have 
been obtained in good yield.
OR RO
Pd(0 Ac)?,Et3N
DMF, acrylate, Ligand
OR RO
Synthetic methodology for the generation of receptor libraries (be they static or 
dynamic) via the coupling of both tertiary and secondary aciylamide species using a 
palladium catalyst has been accomplished. Some of the secondary acrylamides 
possess the capacity (by virtue of pre-arrangement of amidic hydrogen bonding 
motifs) to form dimers via H-bonding in non-polar solution. The binding of a 
commercial pesticide (TMTD) by an acrylamidocalix[4]arene is reported and 
corroborated by NMR and ESl-MS data.
The ability to couple foimyl functionalised acrylates to the broader rim has allowed 
the preparation of a small library of deep cavity receptors in the form of tetra-^ Ym^ y- 
imines. These deep cavity calix[4]arene receptors could be obtained and are fully 
characterised. In the case of dynamic combinatorial libraries the principle of utilising 
a guest molecule to template or at least effect a specific outcome of imine forming 
reactions at four aldehydic sites on the broader rim of the calix[4]arene has also been 
illustrated. This provides support for the principles of formation of dynamic 
combinatorial libraries and fiirther proposes calix[4]arene building blocks as being 
useful in their construction.
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1.1 Introduction to caiixarenes
1.1.1 Definition
Calix[n]arenes are a class of phenolic metacyclophanes formed through the 
condensation of phenols and aldehydes. The term Calix is derived from the Latin for 
vase or basket, alluding to the overall 3D shape of the compounds. The size (of the 
circumference) of the calix, as judged by the number of repeating phenol-CHiR units, 
is determined by the bracketed n value.
A typical calix[4]arene 1 is referred to by Gutsche, one of the pioneers in the field, as 
/?-tert-butylcalix[4]arene.* The name refers to p-tert-butylphenol as the original 
monomer. This simplified nomenclature has been retained by most researchers owing 
to the verbose nature of the lUPAC equivalent;
Pentacyclo[ 19.3.1.1 1 1 ’ ^ ’^ j^octacosa-
l(25),3,5,7,(28),9,ll,13(27),15,17,19(26),21,23-dodecaene-25,26,27,28-tetrol- 
5,11,17,23-tetrakis( 1,1 -dimethylethyl).
Broader rim
Narrower rim
Using the metaphor of the vase any calix[n]arene comprises two rims of different 
sizes. Often the terms upper and lower are used to describe substitution of the 
calixarene. Since the term upper or lower is relative and always depends on the 
perspective of the view of drawing the preferred term throughout this work is 
narrower or broader rim, clearly describing the relative sizes of the rims. The 
metacyclophane structure dictates that phenolic oxygen substituents and OH 
structures derived from them are positioned at the narrower rim. When discussing the 
level of substitution on either the broader or narrower rims, the series A to D (for
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calix[4]arenes) is used to identify (Fig. 1) the substituted aromatic ring with respect to 
the other aromatic ring(s). ^ ___ g
D-
Fig. 1 Pictorial representation (overhead view) of positions when describing calix[4]arene substitution
Reference to 1 shows p-tert-butyl groups substituted on the upper or broader rim, 
whereas the lower or narrower rim is unsubstituted, in this case with bare phenolic 
OH groups. The family of calix[n]arenes are dipolar structures; two distinct regions 
are present. In the case of^-tert-butylcalix[4]arene the broader rim is occupied by the 
p-teit-butyl groups and the narrower rim, the phenolic oxygens. Typically this leads to 
hydrophobic and hydrophilic regions respectively.
f . 1.2 History of caiixarenes
Caiixarenes were originally extracted from resinous tar obtained from 
phenol/formaldehyde mixtures and initial investigations by Zinke resulted in the 
conclusion that the isolated mixtures of caiixarenes were cyclotetramers formed 
during base-induced reactions of p-alkylphenols with formaldehyde (Fig. 2)}
-HB
-HBH .OH
-otrH
0 -
Fig. 2 The base induced condensation o f two ^ -tert-butylphenols with formaldehyde
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In the 1950’s Comforth determined that the products isolated by Zinke were actually 
mixtures of relatively low molecular weight oligomers.^^ It was not discovered until 
Gutsche’s seminal work in 1975, that these mixtures comprised cyclic tetramers, 
hexamers and octamers. Prior to 1950 research into caiixarenes was minimal. 
However, in the 1970’s following Gutsche’s pioneering work, an inexorable increase 
in the numbers of investigations into caiixarenes and their derivatives could be 
observed. Many aspects of calixarene chemistiy have been reviewed in detail.^^
1.1.3 Synthesis of caiixarenes
Traditionally the condensation of phenols with formaldehyde has been used to 
synthesise resole polymers. The introduction of bulky groups to ihepam  position of 
the phenol, such as ^ -tert-butyl, results in the formation of the appropriate calixarene 
under the same reaction conditions and in high yield. Gutsche has deteimined that the 
formation of the tetramer (calix[4]arene) results from thermodynamic control, 
whereas the hexamer (calix[6 Jarene) results from kinetic control.
The formation of the hexamer is controlled kinetically using an alkali metal templated 
mechanism (e.g: with K^. Odd numbered calixarene rings of the t-Bu calix have been 
produced by Ninagawa and Matsuda, who reported the synthesis of a pentamer. This 
method has been improved by Nakamoto and Ishida to give a reported isolated yield 
of 29%. '^^
1.1.4 Narrower rim calixarene derivatives
Due to the natui e of their synthesis most caiixar enes carry n phenolic OH groups at 
their narrower rim. These free OH’s can be functionalised (transformed) using 
traditional OH chemistry such as alkylation, estérification etc.
The earliest narrower-iim modified caiixarenes were esters. Despite the fact that 
ethers have been concentrated on in more recent studies the esters are still the subject 
of considerable interest. When discussing the level of substitution on either the 
broader or narrower rims the series A to D (for calix[4]arenes) is used to identify the 
substituted ring with respect to the other substituted ring(s). Position A specifies the 
highest priority substituent. In addition the conformation upon substitution is denoted 
by anti/syn, dependent on the direction of the substituent group in relation to the
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other(s). Any tetra substituted calixarene (e.g.: 1) can be found in 4 distinct 
diastereomeric conformations: cone, partial cone, 1, 3 and 1, 2 alternate depending on 
the size of the narrower and broader rim substituents. All four conformers can 
interconvert into one another by rotation around HiCArCHz. The activation energy of 
this process can be determined by molecular mechanics calculations and depend on 
the size of the narrower rim substituent.
C#
Cone (syn-syn-syn-syn) Partial Cone (syn-anti-anti-syn)
C2v
1, 3 Alternate (ant-anti-anti-anti) 1, 2 Alternate (anti-syn-anti-syn) 
Fig. 3 Typical conformations of p-tert-butylcalix[4]arene
The above four conformers (Fig. 3) have different point symmetries leading to distinct 
patterns in the *H-NMR spectra. Specifically the non-equivalent methylene protons, 
which typically occur at ô 4ppm and 6  3ppm are indicative of the conformer present.
ax
eq
Fig. 4 Partial structure of calix[4]arené and positions of HLand
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The nonequivalence of the methylene protons H^q and H^ ax (Fig- 4) arises from 
restricted rotation around HiCArCHg. Usually all conformers interconvert slowly with 
respect to the NMR timescale. Both positions H\q and tfax are in different chemical 
environments (proximity to arene ring currents and other influences) and hence a 
coupling between H^ eq and H^ ax is typically observable. As the rate of conformational 
interchange and hence the lifetimes of the protons in these two environments is very 
much dependent on narrower and broader annulus pathway movement (in the case of 
calix[4]arenes lower annulus predominates), the degree of narrower and broader rim 
substitution will define the linewidths (sharp lines are only observed at slow 
exchange) of these signals. Should all four narrower rim positions be substituted by an 
OMe group the cone conformation would typically give two doublets for H\q and 
(ratio: 1 :1 ); the partial cone gives four doublets (ratio: 1 :1 :1 :1 ); the 1 , 2  alternate 
conformation is confirmed by two doublets and a singlet (ratio: 1 :1 :2 ) and the 1 , 3  
alternate shows a singlet, in which all CHi protons are equivalent.
The potential for complex mixtures of conformers of various levels of substitution and 
regioisomers in even the simplest substitution reactions has necessitated, in many 
cases, the introduction of bulky groups to offer rigidity to the otherwise 
conformationally mobile calix[4]arenes. Whereas the parent calix[4]arene 1  shown 
above is conformationally flexible at RT in solution, computational models indicate 
that the presence of any group larger than OH on the narrow rim would be sufficient 
to raise the activation energy of conformational interchange. Despite this prediction 
the introduction of OMe groups on the narrow rim fails to do this. With 
intermolecular hydrogen bonding no longer an issue in the case of the tetramethyl 
ether of 1, all conformers are present in equilibrium in CDCI3 at slow exchange on the 
^H-NMR timescale (85.6% Partial cone, 5.5% cone, 6.1% 1,2 alternate, 2.8% 1, 3 
alternate).® Conformational distribution is linked to solvent polarity. A more polar 
solvent will increase the proportion of the cone conformer owing to the greater dipole 
moment of this conformer with respect to the others,
A kinetic study of the conformational interconversion of the tetramethyl ethers 9 (R '^ 
"^ =Me) has determined that the partial cone-^cone, partial coneol, 2  alternate and 
partial cone<-»l, 3 alternate processes have almost identical enthalpies of activation 
(58.5 +/- 3.2 KJ mol'^) but entropies of activation of -16.0, -69.8 and -29 JmoT^ K"^  
respectively, which suggests that interconversion is under entropie control.^ The
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smallest alkyl substituent, to inhibit conformational interconversion even at elevated 
temperatures is the n-propyl.
Acylation or aroylation of the calix OH generally involves exhaustive substitution on 
the narrower rim OH groups. However, certain cases in which partial substitution has 
been achieved have been reported. An example is the benzoylation of 1 with NaH to 
give the A-C diester.* Using different bases and solvents monoester 2, syn A-C 
Diester 3, syn A-B diester 4, syn-anti-syn triester 5 or the syn-syn-syn triester 6  can be 
produced and isolated.^
2  monoester 3 syn-A-C-dibenzoate
4 syn-A-B-dibenzoate 5 tribenzoate
6  syn-tribenzoate 
Fig. 5 Partially benzoylated p-tert-butyl-calix[4]arene
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The table below (Table 1) shows the various conditions (Solvent, base, acylating 
agent) required to selectively generate the paitially substituted calix[4]arene acrylates 
2- 6.
Product Benzoylating agent Base/acid Solvent(s)
2 ArCOCl 1  -Butylimidazole (20 eq) CHsCN
3 ArCOCl AICI3 CH3CN
4 ArCOCl l-Methylimidazole (27 eq) CH3CN
5 ArCOCl 1-Methylimidazole (1 eq) CH3 CN
6 ArCOCl l-Methylimidazole (leq) CH3 CN
Table 1 Reaction conditions for selective benzoylation of 1
Rearrangement of some narrower rim esters has also been known to take place after 
substitution.^® The syn-syn-syn-syn A-C diester can undergo benzoyl migration in the 
presence of imidazole to give the anti A-B diester.
As with the ester series methods have been developed to alkylate the calixarene at the 
narrower rim with various degrees of substitution. Monoethers 7 can be prepared in 
moderate to good yields using NaH as a base in toluene. The surprising difficulty in 
avoiding polyalkylation using the methods available can be attributed to the 
comparable pK& values for mono deprotonation for the parent calix[4]arene and its 
monoalkylated counterpart: the proton that is abstracted from the OH gioup distal to 
the OR moiety of the monoether leads to a monoanion stabilised by hydrogen bonding 
to the two flanking OH groups.Exhaustive alkylation and estérifications have been 
described for the hexamer, octamerand a selective derivatisation to give 1, 3, 5- 
siibstituted hexamer.
The alternative to direct alkylation is selective dealkylation of the readily available A- 
C diethers 8  or tetraethers 9 using stoichiometric amounts of MesSil to give 60-90% 
yields of monomethyl, monoethyl, monoisopropyl, mono-n-butyl and monobenzyl 
ethers of 1 .
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Distal dialkylation leading to A-C ethers 8  is generally more easily achieved than 
proximal dialkylation. This is partly due to steric crowding; however the progressive 
substitution mechanism also indicates that the absence of two flanking OH groups in 
the proximal dialkylation step reduces the stability of the anion. Hence the 
predominating substitution is towards the formation of the A-C diether, which in the 
dialkylating step retains the flanking OH, in turn allowing stability for the anionic 
intermediate.
7 R‘= Alkyl (CHzAr, CH2 CH3 . etc) R^ "^=H
8  r ‘-®= Alkyl (CHzAr, CH2 CH3, etc) R^’'‘=H
9 R‘“‘= Alkyl (CHzAr, CH2CH3, etc)
This can be overcome by using a strong base (e.g. NaH) with a limited amount of 
alkylating agent. Proximal substitution is the result to some extent of a statistical 
advantage but it is also attributed to the formation of the anion of the monoalkyl 
precursor in which an anion proximal to the ArOR moiety is a stronger nucleophile 
than the oxyanion distal to this moiety. Therefore, A-C dialkylation is due to 
selective substitution at the distal ArOH, whhe A, B dialkylation is due to the 
selective reactivity of the proximal ArO' which can be generated.
Alkylating agents of the structure XCH2Y (X is a leaving group, generally Br or tosyl; 
Y is any other functional group) have often been used for introducing functionality 
onto the narrower rim. The allyl ethers and propargyl ethers are the simplest 
examples.
Other examples include carbonates like 10. Various transformations have been 
reported for such compounds. These compounds have been shown to coordinate to 
cations^ ®^
Chapter 1. 1. Ifitfôductiott to calixâfeftes Page 9
In addition calix[4]ai‘ene esters have been converted by hydrolysis to the acids 11, 
from which the acid chlorides 12 esters and amides 13 can be prepared.
10 = OR (Ethyl, Methyl, Aryl, etc)
1 1  R^=-OH
1 2  R^  = C1
13 R^=NRz
1. f . 5 Broader rim derivatisation
A  variety of groups have been introduced to the broader rim including halogens,
CO2  H and N0 2 .'^’ ^ ^As j?-tert-butylcalix[4]arene is available on any scale through the 
aforementioned condensation process, the initial step in functionalising the broader 
rim is the removal of the ^ -tert-butyl group. This is easily accomplished using the 
Lewis acid AICÎ3 to catalyse transfer of the t-butyl gi'oups to toluene, which is 
generally used as the solvent. Phenol is also added, as it is more effective in releasing 
the required to initiate the reaction. A useful phenomenon associated with the de- 
tert-butylation of the calixarene is the sensitivity of the dealkylation reaction with 
respect to the substituents attached to the phenolic oxygens. For example the A-C 
dimethyl ether (14a) of 1 undergoes selective d-tert-butylation at the B-D rings to 
give 14b. This indicates that^-tert-butylphenols are more easily dealkylated than their 
corresponding ethers or esters.^ ®’^^ ^
or“ r®o
AlCLj PhcQDl
Tokene298K
14a R‘'^=CH3  R^“=H
OR'’ R^O
14b R‘’®=CH, R^ -‘‘=H
With the p»-positions of the caiixarenes made available by de-tert-butylation a wide 
variety of j?-frmctionalisation procedures have been explored. A number of these were 
developed in 1980s including he electrophilic substitution route, the jj-Claisen
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rearrangement and p-quinonemethide route?^^ It is also possible to halogenate on the 
broader rim. Tetrabronaination to give 15 can be etiected in high yields by treating the 
tetraalkyl ethers of a de-tert-butylated calix[4]arene withN-bromosuccinimide.^^’^^  
Para-iodination to give 16 has been effected indirectly by the action of 1% on the p- 
trifluoroacetoxy mercury(II) calix[4]arene.^^^ Direct iodination has been achieved in 
quantitative yield through the used of silver trifluoroacetate and 1% in CHCI3 .
)R'
15-24
15E^-^=
16 El-4_
17
18 E'-^=
19 E‘"‘= 
2 0 E‘’''=
2 1  B‘-^ =
2 2  E'-'"-
23 E'-'*=
BrR‘-'‘=Alkyl
IR ‘-'*=AlkyI
CNE^''*=HR‘"'=Alkyl
NHj
24 El-4_
3 j  E^ '‘‘=HR‘'^ =AUsyl'^ N  Nh2
Li R*’'*=hexyl 
C0 2 H R‘-'‘'=a]kyl 
CH3 E^"=H R'-''=Amyl 
CH0 R'"'= Alkyl 
CHzCIR'-'*" Alkyl 
CH2CH3 R‘''=Alkyl
HalocaHxarenes are useful intermediates for the intr oduction of other moieties onto 
the parcr-positions. Cyanation can be effected with Cu(CN) 2  to yield 17 which reacts 
with dicyanamide to generate 18 which contains p-diaminotriazine groups.
Amination has also been achieved through treatment with phthalimide and CugO 
followed by hydrolysis.^^
Tetrahthiation of conformationally inflexible alkyl ethers (e.g.: Hexyl) ofp- 
tetrabromocalix[4]arene to give 19 can be carried out using tert-butyllithium, however 
n-butyllithium yields only the A-C dilitho compound.^*’ Lithiation (tetra, tri and di) 
of conformationally flexible calix[4]arenes such as the methyl ether of p- 
tetrabromocalix[4]arene can, however be effected by n-butyllithium. The ability to 
introduce a metallic species at the para position has allowed the caiixarenes to be 
susceptible to attack by electrophiles allowing p-carboxylic acid 2 0 ,p-methyl 2 1 , and 
formyl 2 2  derivatives to be synthesised.^^’
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As previously mentioned substitution of a de-tert-butylated calix[4]arene at the para 
position can be accomplished using a Friedel Crafts reaction with AlCls/^In addition, 
the chlorométhylation route has proven the most useful of the electrophilic aromatic 
substitution procedures. It was first introduced in the late 1980’s by Ungai‘o and co­
workers who used a chloromethylalkyl ether in the presence of a Lewis acid such as 
SnCL to place a CH2 CI group on the p-position of the calixarene ring 23}^ Exhaustive 
substitution on thep-position using this procedure is also possible. The particular 
usefulness of this method is the potential for interconversion. Reduction of 23 with 
LiAlH4 produces the p-methylcalix[4] arene, whereas reaction with MeLi gives the 
next higher homologue 24.
The p-Claisen rearrangement is one of the earliest methods used to functionalize the 
broader rim of caiixarenes.^  ^The Claisen rearrangement of the hexaallyl ether, the A- 
C-E triallyl ether and the A, D diallylether of calix[6 ]arene are reported to proceed in 
21% yield, 42% and 81% respectively. The p-allyl group is open to conversion to a 
variety of functional groups; photochemical mediated addition of HBr produces the 
corresponding alkylhalide and ozonolysis produces P-CH2 CHO from which a variety 
of other functional groups can be obtained.^ *^ ’
Although the synthesis of broader and narrower rim bridged calixarene derivatives is 
regarded as one of the key areas in molecular/ion receptor-calixai'ene chemistry it will 
not be discussed in this report as the synthetic aims of the work canried out so far 
centre almost exclusively on narrower and broader rim derivatisation with a view to 
generating a functionality susceptible to organometallic reactions.
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1. f . 6 Uses of caiixarenes
The first patent describing a calixarene for a practical application was issued in 1984 
and involved the uses of tiie calixarene octamer in the recovery of radioactive cesium 
from nuclear waste. There is one paper specifically directed to the problem which 
discusses the efficacy of 25 p^=(0 CH2 CH2)2 0 Ai0 (CH2 CH2 0 ) 2  with Ar = 1,2 
phenylene or 2, 3 naphthalene ] m supported liquid membranes.^^
The potential for recovering heavy metals such as uranium from sea water continues 
to be of interest.^^’ Regarding selectivity, a polymer supported calix[4]arene has 
been shown to differentiate Fe^ "^  in aqueous solution from Cu^\ Ni^\ Co^ "^ . It has also 
been possible to attach the p-allyl calix[4]arenes to a support such as silica enabling 
the use of ion selective calix arene species as a material for liquid chromatography 
(column) material.'^^
Calixarene derivatives have also been shown to possess selectivity for neutral 
molecular species in chromatographic experiments.'^  ^Silica bonded caiixarenes have 
been used, as stationary phases, in the separation of disubstituted aromatics, peptides 
and nucleosides using HPLC.'^  ^Many other novel uses have been reported including 
interfacial separation of specific gaseous molecules, ion, molecule-sensitive 
electrodes and field effect transistors.'^’
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1.2 Heck coupling reactions
1.2.1 Principles and mechanism
The palladium catalysed coupling of activated alkenes to haloarenes (Fig. 6 a) was 
first published in 1968 by Richard F. Heck,'^  ^Since then the methodology has been 
extended in terms of reaction efficiency and has been incorporated in the total 
synthesis of a number of natural products such as the amaryUidacea alkaloids."^ ’^
RX P^ CO)
R
\ r
EWG Base HXEWG
Fig. 6a General scheme for Heck coupling where X = Br', I' or CF3SO3 and EWG- CO^R, CN or Ph
Detailed studies of the possible mechanisms, which rationalise this reaction, have also 
been undertaken, A significant number of diverse reviews on the topics of both 
mechanism and application have resulted/^
Reductive Bass + HX 
elimination
y EWG
/  p-Hydride
 ^ eliinmation
Oxidative
addition
Pd" B
Olefm 
coordination
Insertion
EWG
EWG
Fig. 6b General mechanism for the Heck reaction
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The traditional mechanism (Fig. 6 b) proposes a 14-electron PdLz structure A where L 
is typically a phosphine ligand such as PPhg. As PdLa is electron rich this would 
favour the formation of a cr-Ar Pd® complex LaPdArX through oxidative addition of 
RX to give B. Coordination of the olefin in step C precedes transfer of the species R 
and the formation of a a-C-Pd® bond (D). B-Hydride elimination (F) results in the 
release of the coupled product and the HPdX complex undergoes reductive 
elimination to regenerate the active species PdLi.
A typical catalyst system for a Heck coupling is Pd(0 Ac) 2  and between 2 and 4 
equivalents of PPhs. It has been shown that in the presence of an alkene that an 
oxidation-reduction procedure provides the catalytically active reduced Pd® species 
with the phosphine as the reducing agent. Recent investigations have illustrated, 
however, that the reaction of polymeric Pd(OAc) 2  with PPhg immediately forms the 
species Pd(PPh3)2 (OAc) 2  in polar solvents such as DMF.^  ^This complex 
spontaneously forms the active complex [PdLn(OAc)]' as the reduced product in a 
redox process. Aside from being coordinately unsaturated the active complex is 
highly nucleophilic and undergoes rapid oxidative addition to iodobenzene to give 
PhPd(PPh3)2 (OAc), The added reactivity of the active anionic complex is supported 
by electrochemical studies, which suggest that anionic palladium complexes are more 
easily oxidised.
Given a Heck reaction of the type illustrated in Fig. 6 b it is essential to make mention 
on the alternative products which may be formed in certain circumstances. The trans 
system which is generated in b is one of the two geometric isomers which may result 
from P- addition (that is aryl attack in the p position of the coordinated activated 
alkene). The cis isomer can be formed depending on steric hindrance, which would 
restrict the C-C rotation in the reductive elimination step. A third path in the coupling 
of the activated alkene is the formation of an a-addition (through aryl attack at the a  
position on the activated alkene) product. Since reductive elimination results in a 
terminal alkene being formed no geometric isomerism is possible. This type of 
addition is shown to be preferred in the presence of a base such as NaHCOa.^^
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f .2.2 Advances and application
Investigations into the details of thé mechanism of the Heck reaction, so as to provide 
a better understanding of how to improve turnovers, stereoselectivities and 
regioselectivities, have lead to alternative mechanisms being suggested for specific 
reaction conditions. The importance of the counter ion eg: (OAc‘) is illustrated by the 
variation in affinity to P d^  over the series: Cl>Br>r>OAc'. It is also worthy of note 
that, when isolated, the species PhPdI(FPh3 ) 2  does not couple to styrene (Fig. 7). 
When AcO' is added to the mixture, however, the active species PhPd(PPh3 ) 2  (OAc) 
is formed, which couples at room temperature to give Anns-stilbene.^
yj—PhAgBF4  /XjPhPdCPPh^lJ BF4 - t------:—------------  No Reaction
rt
Slow
Ph
PhPdI(PPh3 )2
OAc'
rt
[PhPd(OAc)(PPh3)2]
■Phrt
Fast
Fig. 7 The promotion of styrene formation to give //'om-stilbene using acetate ion.
The ease of dissociation of the acetate group obviously plays a vital role in activating 
the palladium complex with respect to addition to the alkene. From the retardation of 
the coupling catalysed by the preformed cationic complex [PhPdCPPhgla]  ^Bp4 ~ it can 
be inferred that tight ion pairs retard the coordination and insertion of the alkene. A 
further variation on the standard Heck mechanism has been proposed by Shaw and 
deals with palladium complexes formed at high temperatures (>150^^0). In order to
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prolong the life of the active palladium complex the ligand P(o-tolyl) 3  is typically 
used. The bulky ligand in PdLa systems reduces the propensity for quaternisation of 
the phosphine group by the arylhalide, which can occur at high temperatures. The 
addition of just over 1 equivalent of P(o-tolyl) 3  to Pd(0 Ac) 2  results in the formation 
of a palladacycle 26.
CH3(o-tolyl)2
P(o-tolyl)2
CH3
26
Palladacycles such as 26 are thermally stable up to 250°C. Unlike the mechanism 
shown in Fig. 6  no apparent reduction of P d ^  to Pd^ ®^ occurs. In addition, 
palladacycle 26, when in solution, is in equilibrium with the monomer 11P
(o-tolyl)2  Q 
'^Pd® © )|-C H 3
27
Monomer 27 is only involved in the oxidative addition step with arylhalides in the 
presence of an alkene and only then at elevated temperatures. The fact that 
palladacycle catalysts for the Heck reaction behave differently to palladium 
complexes at lower temperatures where, for example, PPhs is the ligand suggests the 
existence of a number of pathways for the oxidative addition step. The high 
temperatures necessary for catalytic activity could favour a mechanism involving a 
P d ^  intermediate 29 (Fig. 8 ).^ "^
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R
v / ?
29
-Y
R'Br
Pd
hV©
EWG
R\_ /R ' 
Pd
Br X
30
EWG
R’
EWG
Fig. 8 Proposed P d ^  route high temperature palladacycle catalysis where R^o-tolyl R’= Ph 
X =CH3C02-Y= CH3CO2', OET,Br.'^
The çy-coordination of an alkene prior to oxidative addition to give 28 could be the 
result of the increased susceptibility of an alkene to nucleophilic attack when 
coordinated to a P d^  complex. This increases the electron density around the
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palladium complex hence increasing the nucleophilicity of the complex and hence the 
rate of oxidative addition to give 29. This would also explain the inactivity of 
complexes such as 26 in the absence of an alkene.^^
A further extension of Heck methodology and the rationalisation of reaction pathways 
has been achieved using aryl or vinyl triflates as opposed to aryl or vinyl halides.^^
R’OTf
Pd(0Ac)2
Base induced 
regeneration 
of Pd compte:
R
Loss or substitution of OTf
TfO-P^R' +
Oxidative
addition
L-Pd-R’ Lr"Pd“ R L-Pd-R’
Hydride
elimination
Slow for Slow for Fast for
electron-rich electron-rich electron-richalkenes alkenes alkenes
L— Pd L-—Pd
Cl OH
R
L—Pd 
L
R"
Fig. 9 Pd complexes for Heck coupling of yinyl/aryl triflates X= AcO', Cl% OH', TfD' L= Solvent
The importance of using triflate electrophiles in the oxidative addition step is the 
formation of cationic Pd® intermediates. These bind to electron rich alkenes (poor :r 
acceptors but good n donors). Simultaneously, neutral Pd® preferentially binds 
electron deficient alkenes, as they are better n acceptors and poorer n donors.
The predominance of the cationic complex can be ensured by the introduction of a 
halide sequestering agent (such as AgOTQ. A soluble halide source would favour the 
formation of a neutral Pd® complex. Further distinctions between these two Pd® 
intermediates lie in the regioselectivity, which they impart. Under neutral conditions 
steric factors are the most important, however, when a cationic Pd® complex is used 
carbon-carbon bond formation is preferred at the position, which can best stabilise a 
growing positive charge. Of increasing importance in the application of Heck 
methodology lies with understanding the mechanistic preference for certain
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enantiomerically enriched products in intennolecular asymmetric reactions. An 
example of such a system, which has been the subject of numerous investigations is 
the coupling of phenyl triflate 31 to 2 ,3-dihydrofuran 32. This coupling in the 
presence of the enantiomerically pure ligand (5)-BINAP 33 results in the formation of 
(^)-34 with an enantiomeric excess of > 95%.^  ^When the equivalent haloarene is 
used however mixtures of both (WS)- 34 and ÇR/S) 35 are formed. In that case the 
only way to improve enantioselectivity is to utilise a kinetic resolution which involves 
the enhancement of (R)-34 by the selective elimination of (5)-34 by the formation of 
the minor isomer (S)-35, This principle of kinetic resolution when applied to this 
system is based on the cationic inteimediate in the formation of (R)-34 being 36 and 
that for (S)-35 being 37. These diastereomers result horn different faces of the 2,3- 
dihydrofuran being presented to the cationic Pd® complex.^^
O'Cyo
32
OTf
Pd(OAch
(R)-BINAP
31 (R)-34 (5)-35
Fig. 10 Asymmetric Heck arylation of 2 ,3  dihydrofiiran 7
33
37
O' >h  
(S)-34
"iiiph S O
38 I 
(R)-34
39
(*S)-35
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The enantiomeric purity of (i?)-34 and the yield of (*S)-35 very much depends on the 
strength of base used. The highly basic 1, 8 -bis(dimethylaminonaphthalene) gives the 
highest ee for (R)-34 and highest yield of (^-35. An explanation for this preference is 
the severe steric hindrance generated when 36 undergoes rapid p-hydiide elimination 
to give 38. The unfavourable interaction of the phenyl ring of the dihydrofuran with 
the Ph system of the (i2)-BINAP can be alleviated by rotation around the Pd-C bond 
leading eventually to (R)-34. For 37 the hydrido olefin complex 39, which is formed, 
will not experience these unfavourable interactions leading to the reduced likelihood 
of dihydroftiran rotation and the subsequent formation of (5)-35.
This example illustrates how the nature of the halide, leaving group, the base and 
other factors can severely influence the outcome of the reaction.
1.2.3 Calix[4]arenes and Palladium chemistry
Despite the obvious potential of Heck-type palladium coupling in the formation of 
novel calix[4]arene derivatives few examples have been reported in the literature. The 
one example, which utilises a Palladium^®  ^intermediate complex are the Suzuki 
coupling of a styrene and the failed attempt to couple electron deficient alkenes to 
narrower rim triflate derivatised calix[4]arene.^ ^’ There are no Heck examples prior 
to this. Recent work by Chowdhury and co-workers considers the introduction of 
triflate groups on the narrower rim of a standard calix[4]arene 40.^ ^
40 R^'^ ^SOiCFs R '^^ =H
41 R^=S02CF3 R "^^ =H
42 R^-^ -SO^CFa R'^ -H
43 R -^^ = SO2CF3
The paper was published shortly before this project was started and indicates that 
despite moderate success in the synthesis of calix[4]arene triflates, their potential as 
starting materials for derivatisation using Heck, Stille or Suzuki coupling reactions 
may be limited in scope. '^
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It was reported by Gonzalez and co-workers that only direct synthesis of 1,3 
bistriflate 40 was possible using triflic anhydride with 1 and a variety of bases/^
Small quantities ofj7-tert-butyl-calix[4 ]arene 1,3 bistriflate 40,^-tert-butyl- 
calix[4]arene monotriflate 41 and p-tert-butyl-calix[4]arene tristriflate 42 were 
obtained indirectly as the only products of the Stille reaction of 40. Csok reported the 
monotriflate as a product of Pd® mediated hydrolysis of 40.^ ^
It was on this basis that Chowdhury and co-workers reported the direct synthesis of all 
four triflate 40-43 species using various stoichiometric ratios of triflic anhydride and 
NaH in CHzClz.^  ^Only in the case of a mixture of 41 and 42 (60% and 11% resp.) 
was it necessary to employ column chromatography to separate the two.
The identities of these compounds were confirmed using single crystal X-ray 
difiraction, however attempts to utilise the triflate as an excellent leaving group in the 
aforementioned Pd catalysed reactions failed. It was surmised that steric restrictions 
prevent oxidative addition, essential for Pd®-catalysed-Suzuki Miyaura coupling, 
carbonylative coupling or deoxygenation.^^ Instead, in the Suzuki-Miyaura coupling 
reaction, disproportionation reactions involving the triflate groups occurred. In the 
case of Pd®-catalysed carbonylative coupling using bistriflate 40 an unprecedented 
nonsolvent clathrate was formed.
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1.3 Hydrogen bonded caiix[4]arene capsules
1.3.1 Synthesis and phenomenon
In terms of biological importance, specificity and reversibility of hydrogen bonded 
assemblies are of distinct value.^ ^ This is illustrated in the text-book example of the 
assembly (Fig. 11) of DNA base pairs 44 -  45 (thymine and adenine resp.) and 46 -  
47 (cytosine and guanine respectively).
R
p— NH
Y\ N -h-K, // R ;«i-^ V-N
o
44 45
‘ N- -H—N. //
N -A  r0 - - H — NH
46 47
Fig. 11 The complementary nature o f hydrogen bond donors and acceptors in DNA base pairs R= 
deoxyribosephosphate backbone,®''
In another illustrative example, orientation and spatial geometry of H donors and 
acceptors in 48 is defined by the rigidity of the aromatic structure 48 and provides 
specific bonding angles of 120  ^to give 49. This example is representative (Fig. 12) of 
a self-assembly of three units of 48 to give 49 vrith an intrinsic 2D structure and it is 
subsequently important to understand how a 3-dimensional system may be defined by 
the orientation of hydrogen bonding functionalities.
Ç4H9
CsHii
Ç4H9 C5H11
H V A
C4H / Y  ^
C5H11
48 49
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Fig. 12 A two dimensional assembly based on self complementary hydrogen bonding
Conn and Rebek have provided a comprehensive review of 3-dimensional hydrogen
bonded structures.®'^ **
•OH
'OH HO' OH
OHOH
HO-
OH
HO
HO
pH
■OH HO
HO,
HNNH
•OHHO.
50 p-Cylodextrin 51 Porphrin
Another typical example comprises the interaction of cyclodextrin 50 with a 
porphyrin 51, described by Zhao, where the hydrogen bonding enforces a 
thermodynamically-driven change in the geometry to give a capsular complex.®'^ ** The 
1,3 diamide of 6 -hydroxyMctotinic acid calix[4]arene 52a was shown to selectively 
bind a cyclic urea 52b (imidazolidone)to give 52c. Interestingly, Reinhoudt & co­
workers could demonstrate that the urea-cahx complex was formed by four hydrogen 
bonds using the dipyridone tautomers of the 6 -OH-nicotinic acid. Two hydrogen 
bonds are formed &om the amide dipyridone N-H to the C=0 of the urea, whereas 
two hydrogen bonds are formed between the urea N-H and the pyridone amide 
carbonyl C=0. In the absence of imidazolidone the ^H-NMR gives broad peaks 
indicative of the expected reduced flexibility of the calix owing to aggregation. In 
CDCI3 FAB Mass spectrometry allowed the discerning of peaks for mono, di and 
trimeric aggregates. Further light scattering experiments allowed the determination of 
average molecular mass. The polydispersity index of 13.7 denotes a broad oligomer 
distribution without predominance of any discrete aggregate.®^
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uNs-N*h
The denaturing effect of imidazolidone is immediately apparent with the downfield 
shift of 0.25ppm for the NH of imidazolidone at 1 equivalent. A discrete 1:1 complex 
is formed as shown in 52c.
The broader rim substituted derivative of calix[4]arene 53 was first brought to the 
attention of researchers by Reinhoudt, Scheerder and Engbersen at the XXth 
international symposium on macrocyclic chemistry in Jerusalem in July 1995. The 
aforementioned group was also involved in the synthesis of narrower rim tetraurea 
derivatives.^^’ These types of macrocycle have become classical examples of self 
complementary macrocycles forming molecular capsules using hydrogen bonds. This 
system has been studied in depth by the groups of Rebek and & Boehmer over the 
years. Since then readily available calix[4]arene macrocycles have been studied in 
depth. Boehmer and co-workers reported the synthesis of 8  tetraurea derivatives of the 
type 53.^  ^^H-NMR evidence supported a C# symmetric monomeric structure by 
virtue of the signals observed in polar solvents such as DMSO-rie. In DMSO-<% two 
closely adjoining singlets are observed for the NH protons (8.35 and 8,21 ppm) and 
one singlet results from the 8  equivalent aromatic calixarene protons (6.81ppm).
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53(a-j)
a R— n-CsHii, R — n-C4Hg 
bR=n-CsHn,R'= C^Bs 
c R - n-CsHii, R’==iJ-CgHiOCHa 
d R= n-CsHii, R’ =^-C6H4CHs
e R= n-CjHii, R’=f j -^CgHtNOz 
f R= CH2 COOC2 H5 , R’=P-C6H4 CH3 
g R= CH2 COOC2H5 , R '= /7-C6H4OCH3  
hR-CH2C6Hs,R’= CgHs 
i R= CH2 C6H5 , R’= p-C A F  
j R= CH2 C6H5 , p-C5H4n-Hexyl
These observations correlate to the calix having C4 V symmetry as expected for a 
monomeric calix. In a nonpolar solvent, not competing for hydrogen bonds, such as 
CDCI3 the singlets for the NH protons were separated by 2,35ppm. Furthermore, two 
separated doublets were observed for the cahx aromatic protons. The non-equivalence 
of the Ar-H protons of the calixarene part indicated restricted rotation around Cat-N 
of the urea substituents. The calixarene having effective C4  symmetry precludes a 
pinched cone conformation with intramolecular hydrogen bonding between distal urea 
units.
Molecular modelling suggests that the intramolecular distance between two adjacent 
urea functionalities is simply too large to give rise to the restricted rotation around the 
Cat -N bond on the NMR timescale and hence to the nonequivalent aromatic signals 
on what was shown to be a perfect cone conformation. As an alternative explanation, 
the formation of a dimeric capsule was suggested. In this dimeric capsule 16 
intennolecular hydrogen bonds are formed between the two complementary 
calixarenes. Any separating urea unit donates two N-H hydrogen bonds to a urea
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carbonyl of the complementary calixarene. As a result a hydrogen bond seam 
comprising 16 NH-0=C hydrogen bonds is formed around the equatorial position of a 
calixarene dimeric capsule. The capsule structure is characterised by Sg symmetry.
It should be noted that this hydrogen bond seam constitutes an element of chirality.
\  \alb^rène\ \  \  \
R R
HN HN -HN .Hli
%  r  ....tH-N  H-N
R
Intramolecular Intermolecular
Fig. 13 Representation of intra and intennolecular hydrogen bonding in tetraurea calix[4}arenes (found 
experimentally.
Despite evidence of the presence in solution of the dimeric capsules the work was 
viewed with uncertainty in 1995 as two other groups had already made molecules 
with similar functionalities but had not identified them as dimeric capsules.^^
In an analogous fashion to the two-dimensional structure as proposed by 
Zimmermann (Fig. 12), a seam of 16 hydrogen bonds along the equator of the capsule 
54 (some urea groups have been omitted for clarity) holds the structure in a rigid 
configuration. The rotation around the urea groups is restricted as a consequence of 
this and results in the structuie possessing Sg symmetry.
Evidence for the formation of these capsules was given by ^H-NMR and plasma 
desorption mass spectrometry. Further support for their existence was also made 
available in the form of the inclusion of solvent molecules. The ^H-NMR distinction 
between slow exchanging "firee” and “trapped “ solvents providing ample 
confirmation.
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The dimérisation of compounds of the type 53 forms a cavity of approx. 160Â .^ This 
cavity has been shown to be bipyramidal and a variety of aromatic aliphatic and 
cationic guests can be included.’® The distal urea nitrogen can be adorned to affect the 
self-organising behaviour of the calk[4]arene monomer.’ '^ The spread cone or bowl 
shape of such systems has lead to the discovery of other such arrangements. The 
synthesis and analysis of a hexameric capsule in the solid state by Macgillivray and 
Atwood prompted a great deal of investigation in the area.’^
It is worthy of note that narrower annulus pathway for conformational interchange of 
a calix[4]arene to give partial cone, 1,3 alternate and 1,2 alternate conformations is 
allowed in the case of narrower rim methylated species, however owing to the 
thermodynamic stability of the 16 Hydrogen bond seam such conformational 
interchange is not observed and the cone-conformation as a subunit of the dimeric ' 
species is retained exclusively.
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An extension of the tetraurea dimer methodology was carried out by de Mendoza and 
co-workers to include L-Leucine-N-CgHn 55 and L-Leucine-D-Leucine-OMe 56 to 
analyse the effects of such groups on the dimérisation process (Fig. 14).^ '^  Aminoacid 
substituted tetraurea calixarenes 57 and 58 were obtained by the synthetic scheme 
shown (Fig. 14).
NH2
Î 'HN. CgH-iT
55 56
NH.
THF
Triphosgene
Toluene
NH
Fig. 14 Preparation of calix[4]arene nreidopeptides.
As expected the C4  symmetric monomer was apparent in polar solvents such as 
DMSO or ^4 -methanol. In the presence of nonpolar solvents such as CDCI3 or CeDg 
intramolecular hydrogen bonding was observed in the ^H-NMR spectrum which 
exhibits bridging methylene asymmetry (two AX systems) and two different 
resonances for the n-propyl narrower rim substituents indicating a monomer. Based 
on these observations attempts to form meso heterodimers via combination L and D
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enantiomers of 58 were made, however unsuccessfully. No h i^e r order aggregates 
were observed under MALDI-TOF.
A related ureido calix[4]arene containing 4 leucine ester residues has been reported to 
give heterodimers in the presence of the appropriate partner i.e; 
phenylureidocalix[4]arene7^ It is thought that this related urea does not possess the 
hydrogen bonds, which the tetraamide 58 uses to force back the pendant groups to 
allow intramolecular hydrogen bonding as opposed to dimérisation
The dileucyl ester 57 however is shown to undergo dimérisation. It is worthy of note 
that in nonpolar solvents two peaks are observed by GPC one major for the monomer 
and a smaller one for the dimer. Despite poorly defined ^H-NMR signals in nonpolai* 
solvents such as mesitylene-d'ia, CD2CI2 , CDCI3  and CDCI2 CDCI2  it was possible to 
observe coalescence inp-xylene-c?io at 363K. In the case of 57 variation in NH 
chemical shift with concentration allow the establishment of dimérisation constant 
K=20 [Mol/L]"  ^at 298'^ C in CD2 CI2 . The solvent dependence of such dimers is 
illustrated by 57 in toluene-^/g giving rise to an equilibrium constant of K= 5100 
[MoI/L]“^ at 298®C. Using VanT Hoff plots both were shown to have substantially 
negative entropies of activation for the dimérisation process; a consequence of 
conformational restriction necessary to allow dimérisation to occur.
These structures were confirmed using ^H^H-COSY and ^H^H-ROESY experiments. 
The recognition of polar organic molecules of biological interest such as 
carbohydrates and amino acids constitutes a topic of recent interest in supramolecular 
c h e m is t r y . I n  particular the field of “hybrid” macrocyclic receptors characterised 
by the simultaneous presence of different binding groups; e.g., polar groups and 
hydrophobic cavities, which are allowed to cooperate in the selection process have 
attracted considerable attention.’* A representative example ai*e broader-rim c-linked 
peptidocalix[4]arenes synthesised by Ungaro and co-workers (Fig. 15).’^
Chapter 1. 3. Hydrogen bonded calix[4]arene Capsules Page 30
OR RO
NPht
N“Phthaloyl-lamino 
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62(a and b )
OR RO 60
’ NH2NH2 .H2O 
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Fig. 15 Reaction scheme for c-Ünked dipeptidocalixarenes. 62a R= n-Pr R’= CH3 R”=CH3 62b 
R=n-Pr R’=Bn R''= CH3
Receptor 62a was shown via NMR to adopt a pinched cone conformation with the 
two side arms bearing the alanine units pointing inwards and the other two pointing 
outwards from the aromatic cavity.
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ESI and MALDITOF shows the presence of dimeric 62a, however the equilibrium is 
shown by vapour pressure osmometry to substantially favour the monomer. A recent 
publication of the synthesis of broader rim adenine and cytosine derivatised 
ealix[4]arenes further illustrates that geometry and rotational fteedom in addition to 
complementary hydrogen bond donors and acceptors are essential in the foimation of 
discrete units as opposed to large undefined aggregates.*®
Cooperative action of multiple hydrogen bonds is vital in molecular recognition and 
plays an important role in for example the base pahing of DNA and in the secondary 
structure of proteins.*^
Narrower rim bonded dimers have been synthesised by Reinhoudt and co-workers, 
utilising the COOH-N(pyridyl) assembly.*^ This assembly was shown by Kato and 
co-workers to impart enough thermodynamic stability to a system so as to be isolated 
in a liquid crystal as a calixarene capsule 63a.*  ^The capsule was formed via the 
complementing of tetra-N-(pyridyl)calix with a tetracarboxylic-acid-calix. The 
formation of the dimer was confirmed by vapour pressure osmometry to give mass 
signal for the dimer at (number average molecular mass) Mn 1820 +/- 110 of the type
63a.
pn-Pn-PrO
On-m-PrO On-Pn-PrO
63a 63b
It was also illustrated that a higher energy conformation of the nannwer rim pyridines 
is required in order to allow a favourable hydrogen bonding interaction. This is 
reinforced by the association constant for 63a as a 4-pyridyl derivative being lower
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(1.32 X 10^  M'^ ) than that for the more rotationally hindered 3-pyridyl derivative (7.69 
X 1 0  ^M"^ ).
The importance of conformational restriction was taken ftirther by the work of 
Shinkai and co-workers in which an allyl pyridyl derivative 63b was shown to form a 
1:1 complex.*'^  Although no association constants were reported the absence of 
concentration dependent changes in the ^H-NMR spectrum made it necessary to 
ascertain a 1 : 1  stoichiometry by concentration dependent fluorescence spectroscopy.
1,3.2 Encapsulation of neutral species using hydrogen bonded 
calix[4]arene dimers
Tetraureacalixarene 53 (where R=Bn and R’ ^^-C gH f) (531 Page 26) was shown to 
encapsulate small molecules. When fluorobenzene was added to a solution of the 
dimeric 531.531 a signal corresponding to the encapsulated guest is present in the ^ ^F 
NMR spectrum with an integration in the ^^F-NMR spectrum indicating 1:1 
stoichiometry.*^ This implies uptake of one molecule of fluorobenzene per capsule. 
The introduction of a hydrogen bonding species such as a urea interferes with the 
hydrogen bonds holding the dimer together and in turn allows the release of the guest 
species. This is corroborated by ^H-NMR data, which shows the encapsulation of 
another guest benzene and the concomitant formation of a singlet for the encapsulated 
benzene at 5 4.02ppm Complete encapsulation of benzene in xylene-ci?io occurs over 
40minutes and using equilibrated solutions o f531.531 and benzene in xylene- f^io an 
association constant of K=230 M"^  was determined. Fara and ortho protons on the 
fluorobenzene were shown to be separated by 2 ppm. Considerable differences in 
proton shielding induced by the ling current induced by the calix[4] aromatic rings in 
the dimer would explain this distinct variation in chemical shift and provides evidence 
for a (preferred) orientation within the capsule. It is believed that this discrepancy in 
magnetic shielding arises from the fluoro and para-pmion being directed at the urea 
seam and the meta and ortho is associated with the Tc-electron system. Relative 
affinities of various guests are given in table 2 .
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Guest Relative
Affinity
Guest Relative
Affinity
CeHfi 1 . 0 CgHsOH 0.83
CgHsF 2 . 6 C6H5NH2 0.32
p-CçB^i 5.8 Pyrazine 3.2
CeHsCl 0.30 Pyridine 1 . 2
C6H5CH3 <0 . 1
Table 2. Affinités of small molecules for encapsulation within 53i.53i at 25'’C relative to benzene 85
The high affinity for pyrazine suggests a conformation that directs the lone pairs of 
electrons on the nitrogen atom towards the urea hydrogen atoms in the complex. 
Further support for this phenomena of calix[4]arene encapsulation was provided in 
the form of Diffusion Ordered Spectroscopy (DOSY) NMR, which allows the 
measurement of diffusion coefficients in bound and unbound species.*® Diffusion 
NMR experiments carried out on the tetraurea 53 (R-C 10H2 1 , R’ ^p-CgH^CHs) in the 
presence of CgDs confirmed the formation of a trapped benzene showing a highfield 
shift Ô 4.2ppm and further studies confirmed that this peak possessed a similar 
diffusion coefficient to the cahx[4]arene dimer suggesting it is trapped in the system. 
An 80:20(v/v) CgHg-CgDg solvent provided a diffusion coefficient for free benzene of 
2.21+/- 0.02 X 10"® cm^ s"^  as opposed to the signal at 5 4.2ppm for the trapped system 
and two signals which coiresponded to the calixarene skeleton which showed 
diffusion coefficients of 0.34+/- O.Olx 10 ® cm^s"\ 0.34+/- 0.01 x 10 ® cmV^ and 
0.35+/- 0.01 X 10"® cmV^ respectively.
Attempts to correlate the cavity size with a propensity for larger molecules were 
unsuccessful. This was made evident by research carried out by Rebek and co­
workers.*® Calixarene homo and heterodimers were synthesised fi-om monomeric 64a 
and 64b and their presence confirmed via NOES Y and ESI-MS. 64b was able to form 
mixed dimers with 53j. This was shown using ^H-NMR, however, both 64a and 64b 
failed to encapsulate the larger guests species such as biphenyls 65-67.
Chapter 1. 3. Hydrogen bonded calix[4]ai’ene Capsules Page 34
NMea
R' R',
R' HN
HN
OR RO
65 67
64a R= CHzCONEtz R'=j -^CgH&CHs 
64b R= CH2 CONEt2  R’=jy-CgH^Cn-hexyl)
The cavity of 64a was reported as the largest at 400Â*. It is theorised that fast 
exchange through large holes in the skeleton present energetic problems for guest 
encapsulation. Entropie gains of solvent release were not argued to be favourable for 
the dimers of 64a and 64b.
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1.4 DOSY NMR
1A.1 Principles
Diffusion ordered spectroscopy is principally based on a pulse gradient spin echo 
technique (PGSE) similar to that used to acquire accurate Ta (transverse) i-elaxation 
times for nuclei in a particular system.*’ The fundamental importance of this 
technique is to discern a diffusion coefficient and hence hydrodynamic radii from a 
gradient NMR experiment (Fig. 16).
G
1
Fig. 16 A pulse sequence for die experimental measurement o f a diffusion coefficient
The two parameters which are set at the beginning of the experiment are the pulse 
duration (§) and the time between gradients (A). The gradient strength (G) is varied 
with each repeated pulse sequence. After excitation the first gradient (along the z- 
axis) pulse (5) spins magnetisation with a different phase depending on the position of 
the molecules within the sample. Initially the net transverse magnetisation is zero. 
Over time (A) the diffusional motion causes the molecules to change their position. 
Consequently, when the refocusing (second) gradient pulse is applied the 
magnetisation is not refocused completely. Subsequently molecules with large 
diffusion coefficients (small hydrodynamic radius) show a reduced signal intensity. 
The Stokes-Einstein equation which correlates hydrodynamic radius (r) to diffusion 
coefficient (D) is given in Fig. 17. Where B s the Boltzmann constant (1.38 x 10'^ * J 
K"^ ), rj represents the viscosity and T is the absolute temperatui-e given in Kelvin.
r = hydrodynamic radius 
D ~ BT B = Boltzmann constant
D = diffusion coefficient (D)
T = absolute temperature 
Fig. 17 The Stokes-Einstein equation = viscosity
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Based on the above equation, which was established for ions in aqueous solution it is 
possible to say that the hydrodynamic radius is inversely proportional to the diffusion 
coefficient. Consequently molecules of different size will give rise to different 
diffusion coefficients.
When the above is related to the standard DOSY NMR experiment and the equation 
governing the observed curve for the signal intensity (I) of a specific nuclei with time 
the ability to obtain diffusion coefficients using this technique becomes apparent.
I =  Ige-(fG V (A -8/3))D
Fig. 18 The Stejskal-Tanner equation
The Stejskal-Tanner equation (Fig. 18) which was introduced in 1965 shows the 
relationship between the magnetogyric ratio of the nuclei being examined, the 
gradient pulse strength and the aforementioned parameters.** Typically, the range of 
intensities would be plotted automatically as in(I/Io) versus y^G^6 (^A-6/3) to give an 
exponential curve where Iq is the maximum intensity of the signal and I the measured 
value. Assuming that two parameters are kept constant in a DOSY experiment (eg: Ô 
and A) a plot of G versus M/Io gives a diffusion curve which allows extraction of D
1.4.2 Application in Host guest systems
As the previous section has indicated, the diffusion coefficient is inversely 
proportional to the hydrodynamic radius of the molecule whose NMR signals have 
imparted such information. Diffusion coefficients have allowed the characterisation of 
aggregates of cyclodextrins, calix[4]arenes, macrocylic-cyclodextrin complexes, 
natural proteins and molecular capsules.*®* When considering a 1 : 1  host guest 
system where H + G = HG gives rise to the equilibrium conditions shown (Fig. 19), 
the ease of acquisition of binding constants (such as Ka) and subsequent 
thermodynamic data depends on the nature of the host guest exchange.®*
K .=  . m  H + G -  - HG
Fig. 19 Equilibrium conditions for 1:1 Host Guest complex
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Should the free and bonded guest molecules be in fast exchange with respect to the 
NMR timescale the observed diffusion coefficient (Dobs) obtained in a PGSE 
experiment will be a weighted (f) average of the diffusion coefficients for the fr ee 
(Dfiee) and bonded (Dboimd) components as shown in the equation in Fig. 20.
Dobs fObonded "t" (l-^ D g^ ee
Dobs " D&ee 
Dbound - Dfiree
Fig. 20 Weighted averaging o f diffusion coefficients from free and bound guest molecules where f  is 
the fraction o f bound guest.
Typically it is assumed that Dbomd is equivalent to Dhost since it cannot be determined 
accurately experimentally. Since the components of the observed difftision coefficient 
are representative of the concentration in either bound or free states it is possible, 
through approximation and, substitution to obtain an expression which provides the 
fraction of bound guest molecules at different concentrations of host. This allows the 
plotting of f  versus [H] to give the binding affinity (Fig. 21).
f=  Ka[G][H] Ka[H]
[G3+[G]Ka[H] l+Ka[H]
Fig. 21 Rearrangement and approximation to allow experimental determination o f stability constants.
When dealing with slow exchange systems such as that in the case of the analysis of 
guest encapsulation in hydrogen-bonded tetraurea dimers the estimation of binding 
constants becomes more problematic.
R “ C10H21 
R^=P-C6H4CH3
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The tetraureacalix[4]arene 6 8  was synthesised by Boehmer and co-workers with a 
view to analysing the encapsulation phenomena reported previously.®* DOSY NMR 
showed that in a 80/20 (v/v) benzene-C^Dg mixture the broader rim hydmgen bonded 
dimer 6 8 . 6 8  could trap a benzene in the cavity formed. Unlike in the case of fast 
exchange averaging it was possible to observe a new signal representative of the 
trapped benzene at ô 4.4ppm. The significant upfield shift is a consequence of 
aromatic ring currents increasing the shielding of the benzene protons. Furthermore 
the diffusion coefficient as calculated for the protons giving rise to the signal at S 
4.4ppm (D = 0.34 x 10 ® cmV^ ) is shown to be very similar to that for the Host 
system (D = 0.32 x 10"®cm^ s"^ ), whereas the fi'ee benzene at ô 7,15ppm is shown to 
have a markedly higher diffusion coefficient (D -  2.21 x 10"®cm^ s"^ ).
This evidence suggests the encapsulation of benzene within the calix[4]arene 6 8  and 
other groups have reported similar inclusion phenomena observed by DOSY NMR for 
different tetraureacafix[4]arene systems. It is worthy of note that similarly sized guest 
species such as 1 , 2  difluorobenzene are also included into the capsule and the slow 
exchange generates an indicative peak with a similar experimental diffusion 
coefficient to that observed for the dimeric host 6 8 *6 8 . The fimdamental drawback is 
the ability to obtain binding/affinity constants when the inclusion occurs slowly on the 
NMR timescale. It has been observed that the binding efficacy in some cases is 
pronounced enough to observe a stoichiometric relationship between the host 
calixarene dimer and the guest of 1:1 (based on NMR signal integration). Since this 
suggests that all the available calixarene capsules are occupied, the binding constant is 
considered too large to be determined using magnetic resonance techniques. In some 
cases, however, where the stoichiometries indicated by NMR signal integration are 
not 1 : 1  it is possible to estimate the populations of fi^e and encapsulated guest and 
hence asceilain the binding constant for the system.
DOSY NMR is utilised in the study of inclusion phenomena and host guest chemistry 
and can typically provide quantitative binding data in supramolecular chemistry
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1.5 Dynamic Combinatorial Chemistry
1.5.1 Principles
Typical combinatorial chemistry studies with a view to screening molecules for their 
interactions with a target species (on a pharmaceutical scale their activity as agonists 
or antagonists for a particular enzyme or receptor) allows the determination of a key 
species, which is shown (out of all those molecules screened) to be more active and 
hence useful. Once the species has been identified the key functional and geometric 
components, which cause such an improved interaction with said target molecule, can 
be studied and further improvements made. This group of “improved” molecules can 
then undergo the same screening and the most potent molecule determined and the 
process is then repeated.
Considerable variety can be achieved by combining a relatively small number of 
components to give a myriad of multicomponent species. Lehn has pioneered the area 
of dynamic combinatorial chemistry and has dealt with thermodynamic stability of 
potentially bonding species in the presence of a target guest molecule (Fig. 22).®"*
Arrangement of 
components around 
target molecule Fusions via intermolecular 
or covalent bond 
formation between 
components.
Fig. 22 Pictorial representation of preorganization of components (indicated as red shapes) to trap out a 
target molecule (shark)
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As opposed to traditional combinatorial chemistry, where a large number of molecules 
are synthesised before screening, DCLs rely upon the amplification of a receptor array 
optimised for the guest. The key principles when applied to the aims and objectives of 
this work are that the host system of the appropriately derivatised calix[4 ]arenes 
should undergo preorganisation through either covalent or hydrogen bond formation 
of a type which gives the lowest energy for a specific guest.®® In the case of pesticides 
and toxins as guests the geometry of the host system and the potential for favourable 
inteimolecular interaction is of vital importance when designing a base unit for said 
combinatorial systems.®® An important factor, since the thermodynamic stability of 
the guest within the preorganised host system is key to selectivity, is the reversibility 
of the chosen interaction (dipole or hydrogen bond) or reaction (covalent).®’
An example of reversible interactions was discussed by Lehn and co-workers in the 
context of rotameric forms of the oligoamide 69.®* In the presence of the templates 70 
and 71 only 3 conformers are formed from a possible 36. This is explained via a 
thermodynamically driven hydrogen bonded template effect.
CgH-jg
T
69
o
GloHz)
70 71 1  JL.WWAAAT 'VAA^ WVV'I U N O  1CioHai
69 + 70
N '^O
? f  ^ I
69+71 73 74
Fig, 23 Hydrogen bonding induced formation o f conformations 72,73 and 74 o f the oligoamide 69
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The components 70 and 71 favour particular geometries for the heptaamide strand as 
can be rationalised by considering the hydrogen bonding interactions 69 + 71 and 69 
+ 70; forcing the foimation of confoimers 72^  73 and 74. Other recognition induced 
deconvolution of mixtures of conformers are dso known such as the reduction of the 
number of conformers (theoretically 2 ®^) for a decameric peptide nuclei acid to 1 upon 
binding to a complementary strand of DNA.^ ’^
1.5.2 Macrocyclic systems
In terms of covalent bond formation to generate stable macromolecules a simple 
example is referred to in section 1.1.2 of this chapter. In the synthesis of ap-tert- 
butylcalix[6 ]arene a templating ion is used to favour the kinetic product, however, in 
the absence of a templating guest the jr7-teit-butylcalix[4 ]arene is preferred. The 
synthesis typically occurs at high dilution.
An example of the competing forces of thermodynamic and kinetic in the case of the 
calix[n]arenes is the Augmentation of the kinetic product calix[8 ]arene 75.
It is observed that upon heating the equivalent calix[4]arene is obtained as the 
thermodynamic product. The pathways for this step were proposed by Gutsche. The 
first mechanism involving uniform cleavage to give two 4-membered phenolic 
oligomers was first proposed in 1987, however it wasn’t until 1999 that further studies 
using deuterated;?-teit-butylcalix[8 3 arene revealed fragmentation and subsequent 
condensation as the main route.^ ® ’^ Another example of reversibility in macrocycle 
formation is illustrated by imines from 76 such as 77 and 78.
N HN^ HN %
HgN"
76 77 78
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The thermodynamic product is shown to be 77, which predominates in solution, 
whereas 78 is the kinetic product.
1.5.3 The principle of dynamic libraries
The ability to generate an array of potential receptors for screening against a 
particular guest using combinatorial techniques has been the subject of considerable 
investigation. The advantage over such conventional libraries which a dynamic 
approach offers is the selection via favourable interaction of the key components 
required.
Dimer
Monomer
MeOH
Tetramer
Pentamer
One of the earliest examples of the shifting of equilibria through binding was reported 
by Sanders and co-workers.It  was shown that cholic acid derivatives such as 79 
could undergo macrolactonisation to give cyclic oligocholates 80-83 whose 
distribution was under thermodynamic control. The existence of compounds of 
varying sizes implied the predisposition of this dynamic system towai ds the formation 
of a particular macrocycle in the presence of a suitable guest. Interconversion was 
allowed through base-catalysed transestérification, however in the absence of a 
catalyst the cycles are stable and the distribution of these macrocycles becomes static.
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The templation of dynamic combinatorial libraries has been divided into two classes: 
“Casting” and “Moulding”. In essence the distinction between the two is whether 
the dynamic components assemble to block a cavity in for example a protein (Casting 
of a substrate) or the components assemble around a substrate (Moulding of a 
receptor), A particularly good example of “casting”, which is of biological 
significance is in the ability of the enzyme carbonic aohydrase II (CAII) to mould its 
own inhibitor firom a selection of building blocks which could form reversible 
covalent linkages with each other, hnine linkages were used in this case. A small 
dynamic libraiy of 12 imines was constructed using 4 amines 84-87 and 3 aldehydes 
88-90. Using a mixture of polar, nonpolar and charged species 84-90 a mixture of 
imines and starting material was allowed to equilibrate. Upon addition of the CAII 
enzyme to the dynamic mixture the amount of imine 91 in the mixtui e increased by 
150% as compared to the equilibrium mixture in the absence of CAII. This was not 
without precedent since the related compound 92 is a known inhibitor of the CAII
enzyme.
O''1 ^ 0
DCL
Main 
Product of 
CAII DCL
Known 
CAH HN 
Inhibitor
0 —8 = 0  
91 nh2 0= 8=0 92 NHz
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For nucleic acids there are three examples of the dynamic formation of a molecule 
complementary to a specific guest. In the presence of a complementary hexameric 
strand of DNA Ihe condensation of a 3-aldehydo-trinucleotide and a 5*-amino 
trinucleotide could be directed.
A more recent example is in the construction of DNA-binding Zn^^ complexes based 
on the reversible condensation of a set of six amines to salicylaldéhyde and the 
reversible coordination of the sahcylaldimine and amine building blocks to Zn®.
It was theorised that the selection or amplification of a particular type of complex 
could be dependent on the thermodynamic stability of the formed Zn^^ complex, 
which then defined the predominance of the imines/amines within the dynamic 
mixture.^ ®®
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1.6 Aims and objectives
Whilst the abstract deals with the general principle of this research it is important to 
stipulate certain specific aims to lend focus to the thesis.
An initial goal was to investigate the viability and scope of using the Heck coupling 
reaction to introduce one or several olefinic substituents on the aromatic ring of a 
calixarene to obtain some novel precursors and potential receptors.
The choice of an olefinic substituent is based on its versatility in organic synthesis 
allowing a multitude of further functionalities. The optimisation of yields in the Heck 
reaction and attempts to extend its scope to further olefinic substrates was of key 
importance in our studies. Evaluation of the calix[4]arene derivatives in terms of their 
binding to guest molecules such as pesticides and toxins was to be canied out and the 
viability of DOSY-NMR as a means to determine the presence of host-guest 
interactions was to be confirmed.
Along the way new calixarenes with unusual binding motifs were the target molecules 
and particular emphasis was paid to their unusual supramolecular chemistry.
The principle of evolutionary chemistry, using dynamic combinatorial libraries, has 
been proposed and developed by Sanders and Lehn. It relies on the basic principle 
that a number of building blocks bind via non-covalent interactions to a given guest 
molecule. Reversible bond formation between the individual building blocks 
assembles a state receptor (macrocyclic or open chained). The Le-Chatelier principle 
will drive the reaction towards the thermodynamically most stable assembly of host 
and guest and allows it’s isolation.
A fundamental aim was to illustrate the importance of calix[4]arenes in the generation 
of dynamic combinatorial libraries and to provide scope in the form of reactive sites 
capable of undergoing reversible reactions with species possessing potential binding 
motifs.
It was with the above goals in mind that we would attempt the synthesis of a myriad 
of broader rim calix[4]arene derivatives and investigate their further reactivity and 
potential for binding of neutral species.
Chapter 2
Results and Discussion
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2.1 Heck couplings to broader rim
2.1.1 Precursors to and results from the Heck Experiments
The starting material 1 is commercially available and was de-tert-butylated using the 
reported method of AICI3 in toluene (Fig. 24a). This ofifered 93 in good yield (mean 
70%).^ °^
AICI3 , Toluene j 
298K, 18hrs
OH HO 
1
Fig. 24a Reaction scheme for deall^lation of 1
......^
OH HO
Since the step immediate to any Heck experiments was exhaustive iodination at the 
broader rim, the narrower rim OH’s should be substituted prior to halogénation to 
provide a degree of conformational rigidity and conformational stability. 
Functionalisation of the OH’s prior to iodination would additionally prevent any 
elimination of iodine through the use of a strong base such as NaH (were it to be 
carried out after halogénation).
The narrower rim of the calixarene 93 was substituted with n-butyl groups to give 94 
or methyiacetate groups to give 95 also using a known method. Exhaustive 
alkylation of the narrower rim was achieved through reaction of 2 with NaH in DMF 
followed by treatment of the subsequent solution with either iodobutane (in the case 
of 3) or methylbromoacetate (in the case of 95) and stirred at 60°C for 12-1$ hrs. 
These steps were optimised to provide 60-85% yields.^ ^  ^It is worthy of note that it is 
also possible to employ K2 CO3 / 18-crown-6 in CH3 CN in the case of 95 to give 
typically lower yields (55%).
It was also possible to mirror other narrower rim substitutions using this method to 
give 96 and 97. Iodination of the broader rim is achieved by reacting 94-97 vrith 
CFsCOO’Ag’^ in CHCI3 at 70-80'’C for 3-5hrs followed by addition of I2  and heating
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for a further lOhrs/^^ Filtration of Agi followed by reduction of an excess of H using 
sodium metabisulphite allows the extraction and purification of the iodinated 
calix[4]arene.
Although the iodination of both 94 and 95 were reported in the literature to result in 
yields of ca 90% we were only able to achieve 40-60% of pure tetraiodocalix[4]arene 
derivative 98 and 99,
Compounds 98 and 99 were found exclusively as cone conformers whereas attempts 
to iodinate 96 and 97 resulted in a mixture of conformers. This conclusion was 
reached by considering the ^H-NMR, which showed a majority of partial cone 
conformer in both cases (60%) with second most prevalent conformer being the cone 
(35%). This could be a result of unfavorable steric interactions.
93 12
93
93 ‘
193 2
94
95
NaH, DMF ^  9 4  (55-79%)
Iodobutane,
60°C, 14Hrs
95 (58-64%)
60'’C, 15Hrs
>  96 (47-54%)
65=C, 12Hrs 
NaH, DMFl-Iodoethylbenzoaœ, 97 (49-53%) 65°C, 15Hrs
CF3COOAR+ CHCI3. 70°C,_______
4Hrs,
Ï2 50X lOHrs
CFsCOO'Ag^CHCls, 70°C,4Hrs,
2 
12) I2 50°C iOHrs
98(48-60%)
-► 99 (38-48%)
94.X=HR'=n-butyl
95. X=H R‘= CH2 CO2 CH3
96.X=HR‘=CH2C6H5
97. X=H R 'C H zCHjOOCQHs
98.X=I R’=n-butyl
99.X=I r '^C H zCOzCHs
There was a marked reduction in the efficiency of the iodination reaction when 
attempts were made to scale up firom l-5g of 94-97. Both the purities of 98 and 99 
and the yields were shown to decrease as the amounts of 94 and 95 were raised 
beyond Ig. Attempts to improve efficiency through extended reaction thne were 
partially successful and the increased amounts of product (5-12g) could be obtained 
in a similar yield to that already mentioned (56%).
With the required tetraiodocalix[4]arenes in hand the Heck coupling could be studied 
in detail.^ ®® The selection of the most effective catalytic system of Pd salt and ligand 
was important. For the purposes of optimisation the following ligands were
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examined: tdpbenylphosphine (PPhg) diphenylphosphinopropane (DPPP), 
diphenylphosphinoethane (DPPE), tri-o-tolylphosphine P(0 -Tolyl) 3  and o- 
Phenanthroline. The palladium salt chosen was palladium acetate by virtue of the 
acetate ion’s labile nature (see Fig. 7), which is important in generating an active 
palladium complex. Triethylamine was selected as a base by virtue of its solubility in 
DMF.
The activity (Table 3) of the palladium complex generated by the aforementioned 
ligands is indicated in the prelhninary reactions canied out between 98 in the 
foimation of 1 0 0 b.
DMF, 100a-103a, Ligand
Bu
98 100b-103b
OBuOBu OBuOBu
100c-103c
0
lOOaX^OCHg
1 0 1 aX=OCH 2 CH3
102aX=OC(CHg)3
103aX=CH3
100b/c.X-C02CH3 
1 0 1 b/c.X = CO2CH2CH3 
102b/c,X = CO2 C(CH3 ) 3  
103b/c.X = COCH3
Product Ligand Reaction 
time (hrs)
Yield
(%)
1 0 0 b PPhs 48 70
1 0 0 b DPPP 48 80
1 0 0 b DPPE 48 50
1 0 0 b P(o-tolyl) 3 48 45
1 0 0 b o-phenanthroline 48 0
Table 3 Yields of Heck coupling reaction are dependent on the ligand at 90°C
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We achieved unequivocal results in the synthesis of the teü a Heck products of 98 
with methyl acrylate 1 0 0 a, ethyl acrylate 1 0 1 a, t-butyl acrylate 1 0 2 a and methylvinyl 
ketone 103a. This was accomplished using the ligand DPPP (DPPE, PPha, P(o- 
Toyl) 3  and o-phenanthioline were tested but gave less favourable results), which 
showed the greatest level of purity (>95%) over the shortest period (24-48hrs). The 
optimum temperatuie was found to be 90°C (Table 4: lower temperatures resulted in 
a greater number of products/isomers).
PPM
Fig. 24b H^-ISIMR (270MHz, CDCI3) Spectrum of 100b.
Hi Hj
1 0 0 b
Ha 12x^H3.75ppm Singlet
Hb 4x ^H6.07ppm Doublet J^(Hb,He) 16.2Hz
He 4x ^H7.32ppm Doublet J^(Hc,Hb) 16.2Hz
Hd 8 x ^H6.79ppm Singlet
He 4 x ^H4.41ppm Doublet ^J(He,Hf) 13.5Hz
Hf 4x ^H3.16ppm Doublet J^(Hf,He) 13.5Hz
Hg 8 x ^H 3.90ppm Triplet J^(Hg,Hh) 7.4Hz
Hh 8 x ^H1.85ppm Multiplet
Hi 8 x ^H1.42ppm Multiplet
Hj 1 2 x ^H l.OOppm Triplet J^(Hk,Hj) 8.3Hz
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These tetraolefinic calixarenes such as 100b aie easily identified by their characteristic 
spectra (e.g.: Fig. 24b). The trans olefinic doublets at 8  6.07ppm and 8  
7.32ppm ai*e particularly useful as a handle for gauging tlie extent of similar Heck 
coupling reactions.
In similar experiments conducted at lower temperatures mixtures of mono, di, tri, and 
tetra coupled products could be observed in all three cases; however separation by 
column chromatography or preparative tic methods were attempted but did not provide 
sufficiently pure Heck side-products to allow full characterisation (Table 4).
Substrates®’*^ Conditions Time/Temp. Ratio
Tetra/Tri
Yield (%)
1 0 0 a 2.5%
Pd(0 Ac) 2  -  
PPh3
72hi's/70°C 60:40 3
1 0 0 a 3 %Pd(OAc) 2
-DPPP
72hrs/70‘"C 0
1 0 0 a 5% Pd(OAc) 2  
-PPhs
72hrs/70°C 80:20 15
1 0 1 a 5% Pd(0 Ac) 2
-PPhs
72hi-s/70'»C 70:30 25
1 0 2 a 5 %Pd(OAc> 2
-PPhg
72hrs/70°C 65:35 2 0
1 0 0 a 1 0 %Pd(OAc) 2
-DPPP
72hrs/70°C 98:2 1 0
1 0 0 a 1 0 %Pd(OAc) 2
-o-phen
72hrs/100°C — 0
1 0 0 a 2.5%
Pd(OAc)z-
DPPP
48hrs/100°C >98:2 15
1 0 0 a 1 0 %
Pd(PPh3)4
48hrs/100°C >98 :2 45
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1 0 0 a
1 0 0 a
1 0 0 a
1 0 %Pd(OAc) 2
-dppe
1 0 %Pd(OAc) 2
-dppp
1 0 % Pd(0 Ac) 2  
-PPh3
48hi-s/100°C
48hrs/100®C
48hi's/100°C
>98:2
>98:2
>98:2
50
80
70
Table 4 "All reactions were perfonned in DMF with 1 equivalent NEts and twofold mol% of 
co-ligand. ^Ratio determined by ^H-NMR spectroscopy at 270 MHz.
In order to predict the best stoichiometry for the production of selectively substituted 
cahx[4]arenes a series of experiments testing the effects on stoichiometry of an 
acrylate (i.e: methyl acrylate) with 98 were carried out in the production of 100b 
(Table 5) over a period of 24hrs.
Stoichiometry
Acrylate
Temperature/ Major product % of total 
(integration of 
aromatic signals)
90
90
90
90
Teha
Tri
Di
Mono
95
50
75
55
Table 5 Degree of substitution being defined by ratio of acrylate/calix.
An unforeseen degradation of 98 over the course of 2 weeks (despite being shielded 
from sunlight) occurred, appearing to result in the diiodinated equivalent (equally 
intense doublet and triplet signals were observed at around 6.50 ppm on ^H spectra). 
Attempts to re iodinate this compound actually resulted in further degradation and we 
are unsure as to the mechanism and cause of this degradation.
Heck reactions of 98 with a variety of olefins gave some success. Attempts to couple 
acrylonitrUe, methyl/ethyl methacrylates gave mixtures of isomers that could not be 
separated. As peported by Dondoni and co-workers, we were unable to couple styrene
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or nitro substituted styrene compounds on the broader rim despite varying all the 
conditions.^ **’ Ethylvinylether and butylvinylether were found to be completely 
uni eactive. Reference to page 18 provides a rationale for these observations as the 
Heck intermediates for arylhalides are not electron deficient enough to couple to 
electron rich alkenes/*  ^The attempts made to couple phenylvinylsulphone actually 
resulted in the complete de-iodination of the starting material 98 to give 94. It is 
possible that the prefeired orientation of the phenylvinylsulphone in the Pd^complex 
may result in preferential hydride transfer to the calixarene eliminating the compound 
94 in a reductive elimination. A proposed mechanism is shown in Fig. 25.
Calix-Ar-H (Ô4)
/
SOjPh
PPha'
Caflx-Ar-I (88)
\  PPh,PhOzS,,,,, ^P^
Ar-Calix
r  H
Ar-Calix
SOzPh
PhOaS
Fig. 25 Proposed mechanism for hydride transfer to calix[4]arene aromatic
By considering the possible number of products resulting firom a  and (3 Heck addition 
and cis/trans configuration around the C=C bond, it becomes clear that the number of 
regioisomers and stereoisomers possible for a tetra-coupled Heck product is 24 
(including 3 pairs of enantiomers). This number does not take into account 
conformational interconversion. It is not surprising that the mixtures of compounds 
occur at higher temperatures, especially if the steric crowding specific to an olefin 
should prevent Heck intermediate formation or the olefin should be small enough to
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allow significant levels of cis/trans and regioisomerism (ot/p) to occur. Should the 
level of substitution (mono, di, tii, tetra) also be considered the number of potential 
products increases by another 45 (including 12 pahs of enantiomers) to give 69. As a 
consequence the specific formation of tetrakis p-E Heck products was encouraging.
2.1.2 Triflate substitution
To complement the synthesis of broader rim substituted olefinic calixarenes the 
synthesis of narrower rim substituted calixarenes was attempted. To achieve this 
narrower rim trifiates were requhed, which seemed to be alternative potential 
precursors. Synthesis of narrower rim hifiate derivatives as reported by Chowdhury 
was attempted but found to be iireproducible.^ *® Variations in Base (K^COs/NaE), 
Temperatuie (0°-80°C), solvent (DMF/MeCN), catalyst (4-dimethylaminopyridine) 
and reaction time (2hrs-3days) were investigated. None of the four possible trifiates 
could be isolated. In all cases a brown residue containing a mixture of products, 
which could not be separated by column chromatography was obtained. None of 
these mixtures could be purified any further and the major products could not be 
accurately characterised. Increase in temperature often resulted in interconversion 
of conformation (as detected by the alterations in the series of bridging methylene 
couplings in the ^H-NMR analysis). Owing to the absence of any new ^H-NMR 
signals upon reaction (indicative of product formation) it was also difficult to 
distinguish between conversion and altered conformation. The low solubility of the 
reaction mixture hindered identification of any potential product using ^^C-NMR 
spectroscopy.
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We were, however, successful in reacting methanesulphonic anhydride in DMF 
(catalysed using DMAP) with 1 and 93 to give the equivalent calix[4]arene 
trismethylsulphonates 104 and 105.
93 1) NaH, DMF
2) DMAP, (CHsSOzhO, 25"C, 24hrs
1) NaH, DMF
^ .....
? «\ /bHO
a
!/\ ' Oho2) DMAP, (CHsSOalzO, 60“C, 24his
104
Higher temperatures tended to result in deprotonation of the labile proton on 
the methanesulphonyl species and lead to dimérisation to give 106.104 and 
105 show the typical ^H & and ^^C-NMR signals expected for a tri-substituted
calix[4]arene.
'—S= 0
Ü
106
DMF appeared to be the optimal solvent and both 1 and 93 appeared only sparingly 
soluble in acetonitrile. Attempts to synthesise the tetrasubstituted methanesulphonate 
derivative were unsuccessful, as were some preliminary experiments to use the Heck 
reaction in the coupling of methyl and ethyl aciylate species to both 104 and 105.
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2.2 Functionalisation of acrylate derivatives
2.2.1 Model formation and 1,4 addition reactions
With a selection of tetraolefinic calixarenes synthesised, their chemistry could be 
explored to obtain further functionalised derivatives. Functionalisation reactions 
envisaged included 1,4-addition, cycloaddition, reduction and epoxidation."^'
116.117
Prior to carrying out Michael type addition reactions and other (functional) 
interconversions on the a-p-unsaturated species (100b-103b) described it was felt 
prudent to generate a simple model compound with all Of the functionalities present in 
the calix[4]arene derivatives, which would eventually undergo 1,4-Michael addition 
(since the synthesis of these calix[4]arene precursors demands 4 individual steps).^ '^^
A simple crossed aldol (Fig. 26) condensation of 4-methoxybeozaldehyde 107 and 
ethyl acetate followed by elimination of water generates the ethyl 4-methoxycinnamate 
(coumaric acid ethylester) 108, which would have similar characteristics to a single 
aryl moiety of the calix[4]arene precursors. The procedure to generate 108 involves an 
enolate, preformed through the deprotonation of either diisopropylamine (DPA) or 
hexamethyldisilazane (HMDS), and the subsequent deprotonation at the a  carbon of 
the ethylacetate by the lithium amide or silazide. The reaction, which takes place in 
THF at -78°C over 4 hrs, is then quenched using a proton source (NH4 CI) and allowed 
to warm to RT to give 108 (yield 75%).^ ^ ’^
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N O'LILi-DPA or Li-HMDS. -78%, TijF
OCH3
107
O-LI
H s C O " " ^ ^  g H3CO
O-LI 0
108
Fig. 26 Scheme for preformed enolate crossed aldol reaction
Having produced 108,1,4-addition experiments could be carried out. Initially it would 
be important to confirm the validity of the non-enantioselective versions of the 
described Michael type addition.
This could be accomplished by deprotonating the group HY (thiol 109, amine 110, 
malonate 1 1 1 ) using an appropriate base followed by reprotonation of the enolate 
formed.
HS.
y V
109 110 111
Should the various Michael type additions to the model cinnamate be successful 
attempts to utilise these methods to add to the acrylate/methylvinylketone Heck 
products 100b-103b could then be made with an experimentally confirmed degree of 
probability as to the likelihood of success.
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109 MeOH/MeOTSfa'^   ^
108 7 /^5-112
V
11 n i" n-BuLi, THF, -TS'^ C
H3CO Ü. Proton source 0 ^ 0
108 RiS-113
108 Underwent complete Michael addition with benzylmercaptan 109 and 
diethylamine 1 1 0  to give (Æ^ - 1 1 2  and (Æ/S)-113 respectively.
Ben2 ylmercaptan 109 was deprotonated using sodium methoxide in methanol over 
12hrs at RT and gave 112 in a yield of 60%. The lithium amide of 110 was formed 
using n-BuLi in THF at -78°C and provided a good yield of (i?/5)-ll3 (80%).
Attempts to add diethylmalonate 111 to the ethyl 4-methoxycinnamate 108 were met 
with failure despite using the standard method as specified in the literature (fi-eshly 
prepared sodium ethoxide in ethanol; 2  hours reflux).^ ^  ^However, the successful 
synthesis of (i2/S)-112 and (i?/S)-113 as model compounds suggested that thiolate or 
amide 1,4-additions could be successfully employed in calix[4]arene chemistry,
A similar procedure to that used in the addition of nucleophiles 109 and 110 to 4- 
methoxy ethylcinnamate 108 was used in the case of the chosen olefinic precursor; 
5,ll,17,23-tetramethoxyacryloylcalix[4]arene 25,26,27,28 tetra-n-butylether 100b.
Despite varying the factors of temperature, duration and stochiometries of both nucleophile 
110 and base we were unable to make the tetraaddition product 114. Although the apparent 
(tic) mixture of products incorporates monoaddition 115 product and diaddition (A-C 116). 
These can be tentatively identified on the basis of the ^H-NMR signals for the olefinic
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protons (ArCH=Ciïfor 115 consisting of two doublets of 1:2 instensity at 5.9ppm and the 
same protons giving rise to a single doublet at 5.8ppm for 116). The ^H-NMR signals for 
the bridging methylene protons being two doublets suggesting A-C addition as opposed to 
A-B addition. By inductive reasoning the remaining two prominent components (tic) 
should be the triaddition 117 and tetraaddition 114 product or possibly A-B diaddition 
product 118. The components of these mixtures are shown below. This is paitially due to 
(in the case of 116) the masking of the calix Ar-H signals by the benzyl Ar-H signals as the 
degree of addition increases.
1) MeOH/MeOW  
Stoichometiic 109, 50®C 24hrs
2) Excess 109, 80°C 24hrs
RÔ/
ROOR MeOH/MeO*Na"^
Progessive excess 109 ,120°C, 72hrs100b
117Y=SCH2Ph
OR RO
M y â
OR RO
OR RO
115Y=SCH2Ph
R= n-Ru
OR RO
116 Y= SCHzPh
OR RO
114Y=SCH2Ph
118 Y= SCHiPh
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It is worth noting that 1,4-addition to any repeating cinnamate unit in calix[4]arene 
100b will generate 1 stereogenic centre. 1,4- addition of a second nucleophile wÜl 
generate diasteromers. Therefore the stereoisomerism of compounds 114-118 is not 
indicated owing to the considerable number of diastereoisomers (13) and the difficulty 
associated with their identification. In spite of the lack of any exclusive product some 
success has been had in encouraging the preferential (theimodynamic) formation of the 
A-C diaddition 116 product by adding a 32 fold excess of 1 1 0  and heating the system 
under reflux at 120®C. After 48hrs it is possible to identify a noticeable excess of 116 
by ^H-NMR (Mass spectrometry results were inconclusive) and it has been possible to 
isolate small amounts for the purposes of characterisation with 1 1 0  as a persisting 
impurity. It is unfortunate that any attempts to extract the product 116 using ether, 
chloroform or dichloromethane results in sudden accentuation of the excess 1 1 0  signal 
both on tic and ^H-NMR. This greatly hinders separation. Attempts to utilise column 
chromatography (SiOg. 4:1 hexane: ethylacetate) resulted in significant decomposition 
of 116, probably due to hydrolysis of the esters or p-elimination on the acidic silica. 
Neutral/basic alumina does not provide a degree of separation on tic, which would be 
conducive to isolation of the products utilsing AI2 O3 as a stationary phase.
Further to the above observation it has also been possible qualitatively, to identify the 
monoaddition 115 product of benzylmercaptan by ^H-NMR. It is important to note that 
1,4- addition of heteronucleophiles such as thiols is known to be a reversible reaction. 
Thus, 115 appears to exist in equilibrium with the starting material 100b. As with the 
adduct 116, the generation of a 50/50 mixture of 100b and 115 demands an twelve-fold 
excess of 116.
It has been shown that conjugate additions of ben^hnercaptan 18 to a tetra olefinic 
calix[4]arene 100b do occur. However, high temperatures are required and the 
reversibility of the reaction and possibly unfavourable steric effects lead to 
decomposition of the formed products 114-118 back to the starting material 100b.
The bidentate species R,R dithiothreitol failed to react to any significant extent and the 
starting material 100b was recovered after lOOhrs at reflux.
The same procedure as in the addition of diethylamine 111 to 4-methoxy 
ethylcinnamate 108 was carried out in the case of the chosen tetraolefinic precursor;
5,1 l,17,23-tetramethoxyacryloylcalix[4]arene 25,26,27,28 tetra-n-bufylether 100b.
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Owing to the success of the 1,4- addition of diethylamine 111 (yia its lithium salt) to 
ethyl 4-methoxycinnamate 108 various conditions (temperature, stochiometries and 
duration) were employed to introduce 111 onto the calix[4]arene precursor 100b. 
Unfortunately all attempts to add 112 to 100b resulted in either no reaction or the 
formation of a very complex mixture of products, which showed little or no separation 
on tic (SiOg. hexane:ethyl acetate) The majority of components remained on the 
baseline of the tic plate. ^H-NMR showed these mixtures to contain calix[43arenes 
(distinguishable methylene doublets 6  4.4ppm and 6  3.0ppm), however the aromatic 
protons were found as a collection of broad multiplets extending from 6  7 . 3  to ô 6 .4 . 
The reversible natm e of the reaction caused reformation of compound 100 upon acid 
workup and on standing after recrystalisation.
These nuxtures were typically formed by using an excess of lithium diethylamide over 
periods greater than 24hi*s.
It could be suggested that the formation of lithium stabilised enolates in the first step 
of the 1,4-addition could result in intra and mtermolecular nucleophilic addition (either 
1,2- or 1,4-) to other unreacted a, (3-unsaturated species on the calix[4]arene. A variety 
of these enolate additions could produce the complex range of species observed in the 
^H-NMR. This hypothesis is supported by the observation that the aromatic 
calix[4]arene protons in the reaction mixtuie are non-equivalent. This suggests 
hindered rotation around a C-Cat bond typical for a cyclic product of an intramolecular 
ester condensation. Analysis of integrals for the OCH3 was hindered by the broadening 
over the reaction time of the OCH2  signal, causing it to mask that signal for the OCH3 
protons.
K2CO3, MeOH, 60T , 96hrs
100b MeCN, nO^ C^, 64hrs
n-BuLi, THF, -78“C, 3hrB
OR RO
Y=N(CH2CH3)2 R= n-Bu
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Attempts to hydrogenate the double bond of the methyl acrylate Heck derivative 100b 
using ammonium formate on Pd/C resulted in failu re.T here  was no evidence of any 
hydrogenation having occurred after 48hrs (Fig. 27). The corresponding model 
compound 108 showed complete hydrogenation within 1 2 hrs giving 1 2 0 .
DCM 12hrs RT
108 120
Fig. 27 Hydrogenation of 108 using Pd/C (10%) and NH4+ HCOO'
As to the unreactivity of the calix equivalent 100b there appears no obvious 
explanation, however a possibility is that the cone shape of the calix may binder 
physisorption onto the palladium/carbon.
Efforts to epoxidise the C=C bond were also unsuccessftd. The standard treatment of 
the methyl acrylate Heck derivative with basic hydrogen peroxide at room temperature 
resulted in no discernible reaction after 3hrs.^ ^  ^Utilisation of the novel 
trifluorodimethyl dioxirane method also resulted in recovery of starting material 1 0 0 b 
only.^ ^  ^This method involves the in situ generation of trifluorodimethyl dioxirane 
horn 1 ,1 ,1 -trifluoroacetone and potassium persulphate salt (Oxone) in aqueous media.
o
OXONE/ CH3CN
108
2hrs/ 0®C/ EDTA/ NaHCOa
121
Fig. 28 Epoxidation using the trifluorodimethyloxirane method
As with the hydrogenation, the model 108 underwent complete conversion to 121 
within the reported reaction time of 1.5 Hrs.^ ^  ^Attempts to epoxidise the double bond 
of 108 were successful when using the hydrogen peroxide method. The comparative
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unreactivity despite different epoxidation agents of the calixarene 1 0 0 b is again not 
easily explained.
Acrylate derivative 100b could be reduced with lithium aluminium hydride to give the 
corresponding unsaturated alcohols 122 and 123. Recovery of 122 and 123 in the
1 0 0 b lithium aluminium hydride
diethylether, 2 hrs, 0°C
123
purification of this reaction mixture (crude yield 41%) was problematic owing to its 
very polar nature. Hence, the yield after column chromatography (Silica 60,10:10:5:1 
DCM/hexane/EtOAc/MeOH) of 122 was disappointing (5%).
The ttiallylic alcohol was also isolated via column chromatography (10%) 123.
The apparently incomplete reduction of the compound 100b even after 12hrs at RT 
may be the result of the immense electr ostatic repulsion (ergo thermodynamically 
disfavour) of four deprotonated allylic alcohols. The complexation of the aluminium 
ion with the mono/di tri and tetra-reduced species was also shown to be an issue in the 
extraction and purification. The loss of a proportion of both 122 and 123 could be
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ascribed to strong cationic binding even after treatment with sodium potassium 
tartrate.
2.2.2 Formylation of the upper rim
Tetraolefinic calix[4]arenes could alternatively be obtained fi:om tetra formyl 
derivatives such as 124 using Wittig or aldol chemistiy. The tetraformyl derivative 124 
has been described in the literature and their synthesis was attempted. We were 
successful in forming the brominated species 125 firom calix[4]arene tetrabutylether
94.122
Yields of between 70 and 90% of 125 were achieved.
0
94
OHO
DMF
125
THF
-78°C
n-BuLi
+ HBr
126
Fig. 28a Bromination followed by lithiation and quenching with DMF of 94
The brominated 124 was lithiated in THF at -78°C over varying times and using 
different stochiometries of n-BuLi. The lithiated species 126 were then quenched with 
either DMF, 2,2 dimethylpropanal or cyclobutanone. This was done primarily to give
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an indication of the degree of lithiation induced by altering the variables of time, 
temperature and stoichiometry.
OBu Bug
127
OBu BuO
Only partial lithiation of 125 occurred. ^H-NMR indicated the predominance of the 
monofoimylated compound 128. This reaction involved an excess of n-BuLi and 
quenching with DMF after 3hrs at -78°C. The brominated calixarene 125 was formed 
exclusively as the cone conformer and should be conformational immobile. The 
NMR for the mixture which contains 128 showed a ratio of integration between the 
signals for CHO and the calixarene aromatic protons of 1:28. This value is distinctly 
greater than that which would be expected ( 1  ;8 ) for the monoformylated species 128. 
It is postulated that some deiodination may occur upon quenching of the lithiated 
calixarene, which would give rise to a larger body of ar omatic signals in the NMR. 
This would be the consequence of quenching the lithiated calix with water and 
suggests a protic solvent impurity present in the DMF upon quenching. Mass 
spectrometry indicated firagmentation to give a predominant ion at m/z + 676 which 
supports this idea of the formation of 127.
2.2.3 Substitution on the lower rim with bromoacetonitriie
Attempts to substitute bromoacetonitriie on the lower rim of p-tert-butylcalix[4]arene 
1 resulted in a fairly pure (9:1 ratio of majority product and sum of other components) 
product. This has been tentatively (according to ^H-NMR) identified as the A-C 
disubstituted compound 129.
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Two types of systems were considered: K2 CO3 in acetonitrile with 18-Crown-6 as a 
phase transfer catalyst for (60°C) and NaH in DMF(60''C). In terms of yield the 
sodium hydride system gave 50% as opposed to K2CO3 which resulted in 40%. The 
stnicture of compound 129 was confirmed by ^H-^ ^C-HMQC and ^H-^H-COSY NMR.
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2.3 Heck coupling of functionalised acrylates
2.3.1 General procedure
After the initial success of coupling simple aciylate derivatives to the broader rim of 
the cahx[4]arene it was decided to study the scope and limitations of the coupling 
reaction in detail using more ftmctionalised acrylates.
ROM
Cl
K2CO3/DCM  ^
40°C 24hrs OR
130a-130f
Acrylates 130a-f are prepared in DCM via deprotonation 
of the corresponding alcohol followed by condensation 
with aciyloyl chloride.
Fig, 28b Formation of 130a-130 f acrylate species
130f
Acrylates 130a-c, 130e and 130f underwent coupling to pure tetraolefinic 
calix[4]arene derivatives in the all trans configuration in the cone conformation. It is 
worthy of note that acrylates 130a-c and 130e-f have similar reaction times 24-48hrs. 
The Heck mechanism (page 13) illustrates the preference of the palladium (II) 
complex intermediate 132 for electron deficient olefins.
y  ^
130b 130c
OgN y
130d
Calix-Ar\ PPh2
PhgP 
132
The reaction with 130a is, however, complete vrithin 24hrs despite the potential 
deactivating effect of the p-tertbutyl group.
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.OR
0 ^ . 0
131a
(68%) (50%)
EtgN/ 10%  
P d(Q A c)2 / D P P P  ^
DMF 100°C  2 4 -1 5 0 h rs  
A cry la te  130a-f
131b
(73%)
131a-c,e,f
(32%)
131e
(68%)
Fig. 28c Heck Coupling of 98 to aromatic 130a-130 f  acrylate species
Any electron-donating substituent m il increase the energy of the olefin LUMO and 
therefore reduce the back-bonding from the metal HOMO. Furthermore, the 
activated acrylate 130d failed to reach 10% conversion of aryliodide groups within 
lOOhrs. Considering its electronic properties the a faster reaction would have been 
expected. It could be suggested that the ester group controls the electron deficiency 
of the olefin, while the alcoholic motif defines the steiic favorability only. Another 
observation, which suggests an alternative reason for the slow reaction time, could 
be the potential susceptibility of an electron poor ester to other types of reaction; the 
product 131d may well undergo hydrolysis upon work-up. It is worthy of note that 
the acrylate of j?wa-hydroxybenzaldehyde 130e was coupled to 98 in reasonable 
yield to give 131d. However the acrylate precursor quickly hydrolyses at 80®C; the 
hydrolysis reaction appears to be in competition with the Heck coupling to give 
131d.
After column chi'omatography (SiOa eluted with DCM), compound 131d was 
isolated in 32% yield. Its structure was confirmed by ^H, ^H-*H-COSY and -NMR
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methods and LSIMS. Acrylate 13le  was available in a better yield of 6 8 % on 
average. The ^H-'H-COSY, shown below, illustrates the ^H-'H-correlations within
the calixarene 138d.
iuU
Fig. 28c COSY and HMQC (respectively) spectra of 131d
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The distinctive singlet at around 10 ppm for the aldehydic proton does not have any 
cross peaks on the ^H-^H-COSY spectrum as it is too far away horn other protons to 
give rise to a coupling at the limits of resolution of the spectrometer. The two 
doublets resulting from the tf'ans olefin have cross peaks to indicate that the 
observed splitting pattern is a consequence of their proximity. The ^H-^^C-HMQC 
spectiaim relies upon the excitation at the proton frequency and suppression of ^ H- 
*H-coupling to enhance sensitivity in the detection of correlations. Thus, protons, 
which appear on the same carbon atom can be identified. In terms of the calixarene 
131d the methylene protons are readily identified on the HMQC spectrum by the 
fact they appear on the same carbon atom.
This compound has enormous potential as regard the formation of covalently- 
bonded capsules via condensation reactions and as precursors for further research 
leading to functionalised calix[4]arenes.
2.3.2 Introducing a chiral acrylate on the broadening
With a view to chiral recognition the acrylate of L-menthol was synthesised and 
was subsequently coupled to the tetraiodocalix[4]arene over a period of ISOhrs in 
40% yield using Pd(0 Ac)2 /DPPP (10%) in DMF with EtsN. Observation of ^ H- 
NMR of samples over the reaction time suggests rapid formation (64his) of a 
mixture in which the triolefinic calixarene predominates and the comparatively 
slow (8 6 hrs) progression of the reaction to the tetraolefinic product 133.
•Hb
Hc-r'
OBu
133
Ungaro and co-workers have shown that, in the case of L-alanine substituted 
broader rim calix[4]arenes, a stereogenic centre close to the aromatic calix[4]arene 
protons, gives rise to non equivalent protons.^ "^^  In our system, the two aromatic
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protons are diastereotopic, with the calixarene acting as planar chiral stereogenic 
element. This effect is solvent independent and, in the case of 133 the two aromatic 
signals (shown in Fig. 29 at 6.89ppm and 6.80ppm) were observed in both CDCI3 
and i/fi-DMSO.
He
Hb
JUL JU _ J L I8 7.8 7,4 7.2 7.0 B.B B.6 B.4 B.2 PPM
Fig. 29 The aromatic region of the ^H-NMR spectra of 133 (CDCI3 referenced to solvent, 270MHz, 
298K)
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to incorporate acrylamides
2.4 Extension of Heck methodology to incorporate acrylamides
We wanted to expand the scope of the Heck coupling of oleiSns to a tetraiodocalixarene 
by incorporating acrylamides (as the olefinic component) with more distinctive 
hydrogen bonding motifs.
NH
134 135 136 137 138 139 °  140
^NH F jC r ^J  141 142 143
The acrylamide precursors 144-153 were synthesised via condensation of the amines 
134-144 with acryloyl chloride in DCM with EtsN as a base (Fig. 30).*^
9  0
144 146 146
^  V" o n t  j c r ^ -2____ ^ 147 148 149
DCM, EtaN, NRz
23”C, 12-24his 144-153 ' ''’' ' ' ' I ' T " " ' f V '
134-144
V ^ U  H-   V
9 / 9 ' -  O 'Nx
150 /  151 152
H
FsC" 153
Fig. 30 Reaction scheme for the synthesis o f acrylamides 144-153 from the corresponding amines 134- 
143
Based on previous research investigating the utility of Heck palladium chemistry in the 
derivatisation of calix[4]arenes it was possible to observe the coupling of a variety of 
acrylamides to a broader rim tetraiodinated calix[4]arene tetrabutylether (Fig. 30).
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DMF/EtgN
10-15% Pd(0Ac)2/
DPPP
100°C
144-153
154
0
155
x=
154-163 Q
t 160
N 
181
F3C
NH
163
0
c r »  C T " "  j y
157 158
156
NH
159
k
162
Fig. 31 Extension of methodology to couple acrylamides of 144-153 to 98
All coupled acrylamides were isolated as all trans isomers (as indicated by a large 
^J(CH=CH) coupling of 14-16Hz) and despite some unreactive acrylamides with reaction 
times of 300hrs, all reactions eventually (aside from 161 and 162) went to completion. It 
is worthy of note that secondary acrylamides 148,149,150 and 153 appear to react faster 
than the corresponding tertiary acrylamides 144-147 (Table 7). In addition, the time taken 
for 95% completion for a particular order of amide (be it secondary or teitiary) depends 
on both the electronic and steric attiibutes of the acrylamide. The 95% completion point 
is determined via ^H-NMR of the reaction mixture, using integration of the signals 
corresponding to the Ar-H for the tetraolefinic product when compared to the integral 
value for the signals corresponding to Ar-H for the starting material, the rate of reaction 
seems very much dependent on the nature of the acrylamide. As indicated by Table 6  the 
formation of 154 occurs very slowly even in the presence of a five fold excess of the 
acrylamide 144
Aciylamide Reaction % Tetraolefinic % Triolefinic
time (hrs) 154 154
144 1 0 0 60 40
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144
144
175
300
68
95
32
Indiscernible
Table 6 Progress of coupling of 144 to 98 to form 154 as gauged by ^H-NMR
The effect of electron donating groups on the reaction time in the acrylamide series is 
different to the ester series, for which the electronic contribution to the reaction time 
appears to be negligible. It may be suggested that the electronic effects present in the 
aromatic substitution of an acrylamide affect the relative HOMO and LUMO energies of 
the olefin to a larger extent as compared to the acrylate esters. The electrophilicity of the 
acrylamides may be influenced to a larger extent by the NR2  moiety than the acrylates are 
by the CO2R moiety. The aromatic substituent is conjugated to the planar amide 
C=0NR2 and the C=C moiety.
Tetraolefinic amide Time to 95% 
conversion (hrs)
Isolated yield (%) 
(crude)
154 300 60
155 325 74
156 275 50
157 325 65
158 48 73
159 24 70
160 48 75
161 - -
162 - -
163 48 65
Table 7 Reaction time and isolated yield for acrylamide 144-158 coupling to 98
Calix-Ar
HN
»
164 165 166
The increased reactivity of the secondary amides 165 as compared to tertiary acrylamides 
166 would appear to lie in the reduced steric hindrance at the acrylic nitrogen when
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forming the Heck inteimediate and the reduced positive inductance into the olefin which 
would deactivate it with respect to attack by the oxidative addition intermediate 164. This 
inductance effect is evident, in terms of the time to 95% conversion, within the group of 
tertiary acrylamides as illusti*ated when reaction times for 155 and 156 are compared.
JL_JiVj JOuLj
PPM
Fig. 32 *H“NMR (500MHz, CDCI3 referenced to solvent) spectrum of 156
The unifoim ^H-NMR signals shown in Fig. 32 for 156 can be explained by the 
assignment in Fig. 33. The characteristic doublets at 3.19 and 4.44 represent the axial and 
equatorial methylene protons of the cone conformer of a calix[4]arene.
Ha 8x ^H 3.73-3.56ppm Multiplet
Hb 8x 3.72-3.70ppm Multiplet
He 4x ^H 7.32ppm Doublet J^(Hc,Hd) 15.5Hz
Hd 4x ^H 6.46ppm Doublet J^(Hd,Hc) 15.5Hz
He 8x ^H 6.82ppm Singlet
Hf 4x ^H 4.42ppm Doublet J^(Hf,Hg) 13.5Hz
Hg 4x ^H 3.19ppm Doublet J^(Hg,Hf) 13.5Hz
Hh 8x^H 3.90ppm Triplet ^J(Hh,Hi) 7.5Hz
Hi 8x ^H 1.91-1.88ppm Multiplet
Hj 8x ^H 1.50-1.44ppm Multiplet
Hk 8x^H 1.00 Triplet ^J(Hk,Hj) 8.3Hz 
Fig. 33 Assignment of ^ H-NMR signals (Fig. 32) for 156
Hb Hb
Hr Hk
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The calixarene aromatic protons generate a singlet at 6.83ppm owing to their 
equivalence and the doublets at 7.34 and 6.47ppm are indicative of a trans 
configuration at the double bond.
It has been possible to reduce 160 using SnCl2.2H20 to give the corresponding amine 
167. It was hoped that the basic NH2  functionality could be exploited in the solution of 
167 in dilute acid forcing 167 into water, thereby allowing the exploitation of the 
lipophilic cavity in the aqueous extraction of neutral guests. Studies of 167 made it 
apparent that it was only soluble in rie-DMSO.
HN. SnCla- H2O
Ethanol, 6Hrs
HN. ^O
(61%)
160 167
Variable temperature ^H-NMR analysis failed to indicate the presence of 167 in 
aqueous solution even at high temperature (90°C). Attempts to protonate the amine 
functionality to increase solubility by adding quantities of DCl proved inconclusive as 
the dielectric constant of the ‘solution’ was seen to increase even after only 0.5% v/v 
addition of DCl. The signal to noise ratio of tiie NMR spectra obtained at all dilutions of 
DCl was significantly decreased as a consequence of the impedance matching and 
tuning being affected by this increase in the dielectric constant. Attempts were made to 
detect a signal at very low concentration with improved signal to noise by the use of a 
NMR-Cryoprobe. Attempts to dissolve 167 in dilute sulphuric acid failed to give rise to 
appropriate useful NMR signals.
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2.5 Hydrogen bonding and dimérisation of secondary acrylamides
Unlike the acryloylmorpholine derivative 156 and the secondary acrylamide 
derivative 158 the observed ^H-NMR spectrum (Bruker 500MHz) for the secondary 
amide derivatives 159,160 and 163 varies depending on both solvent and co-solute 
(suggesting rotational constraint to be a contributory factor).
HN. HN.HN. HN.
158 163159 160
The amide 158 gives characteristic signals in the ^H-NMR spectrum for the Ar-H as 
a singlet and olefinic protons as two doublets. This is typical of almost (see ^H- 
NMR spectrum for 156 in Fig. 32 and Fig. 33) every tetraolefinic calixarene 
obtained via palladium-coupling, indicating C4v symmetry. This is the case for 158 
in both CDCI3  and cig-DMSO with the two different spectra exhibiting only some 
minor changes in chemical shift.
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7.5 6.58.0 6.0 PPM
Fig. 34 /î-cyanophenylacrylamide 159 derivative in (CDCI3 referenced to solvent, 500MHz, 298K)
VJ 1
8.0 7.5 7.0 6.5 6.0 PPM
Fig. 35 p-cyanophenylacrylamide 159 derivative (c^-DMSO referenced to solvent, 500MHz, 298K)
8.0 7.5 7.0 6.5 8.0 PPM
Fig. 36 jp-cyanophenylacrylamide 159 in presence of excess acrylamide (CDCI3 referenced to 
solvent, 500 MHz, 298K)
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of secondary acrylamides
The ^H-NMR spectra of 159,160 and 163 in CDCI3 and <5?6-DMSO respectively 
differ considerably. To illustrate this 159 is taken as an example (Figs 34 and 35 
respectively). The main difference is the presence of 2 aromatic singlets for 159 in 
CDCI3 as opposed to 1 aromatic signal in Je-DMSO, suggesting asymmetry around 
that part of the calix[4]arene derivative. Treatment of 162 in CDCI3 with one molar 
equivalent of either phenol or acrylamide results in significant chemical shift 
changes and distinctive line-broadening (Fig. 36), The most obvious change is the 
loss of the sharp singlet at 5 11.19, attributed to the NHCO amide proton. This 
observation can be rationalised by assuming that the (hydrogen-bond driven) loose 
aggregation of acrylamide around the secondary amide moieties of the calix could 
result in the shifts seen and the line broadening. The observation of two bands in the 
NH region of the IR spectrum of 159 (with acrylamide) correlating to hydrogen- 
bonded and non-hydrogen bonded calix[4]arene NH groups support this 
assumption. Addition of electron deficient aromatic compounds such as 
fluorobenzene or pentafluorobenzene do not appear to affect the ^H-NMR or IR 
spectra observed in CDCI3 , The clearer spectrum of 159 in <^-DMSO suggests the 
interference of the hydrogen bonding by the solvent molecules.
A second significant change in the ^H-NMR spectra of 159 in CDCI3 (a non-polar 
non-hydrogen bonding solvent) if compared to 159 in dg-DMSO is the multiplicity 
of the OCH2  protons at the narrower rim. Whereas in tfg-DMSO the OCH2  protons 
appear as a distinct triplet the OCH2 protons in CDCI3 appear as a ABX2  type 
multiplet. This indicates a stereogenic element present in 159 in CDCI3 making the 
two protons diastereotopic.
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4.5 4.0 3.5 3.0 PPM
Fig, 37 The methylene region of the calixarene spectrum for 159 (CDCI3 referenced to solvent, 
500MHz, 298K)
V.
4.5 4.3 3.6 3.0 2.6
Fig. 38 Methylene region o f calixarene 159 ( f^g-DMSO referenced to solvent, 500MHz, 298K)
PPM
Fig. 39 Methylene region of calixarene 159 in CDCI3  in excess acrylamide (referenced to solvent, 
500MHz, 298K))
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of secondary acrylamides
The difference in chemical shift (AÔ) of the two methylene doublets are 
concomitant with the degree of symmetry and hence shape/conformation of the 
calixarene cone. The chemical shifts for the methylene doublets show considerable 
variance with solvent and addition of hydrogen-bonding species.
Reference to Figures 37 and 38 illustrates the difference in chemical shift between 
the two methylene doublets to be A8-1. 6  in CDCI3 and AÔ-1.1 in c/g-DMSO. The 
larger chemical shift difference in die non-polar CDCI3  is indicative of a more 
symmetrical cone than found in d'e-DMSO, where the smaller chemical shift 
difference between the two methylene protons shows the calix moving towards a 
pinched cone conformation.
This spectroscopic behaviour could be rationalised by considering the following 
options:
a) Intramolecular hydrogen bonding
b) Other rotational barrier
c) Dimer formation
Reference to the extensive reseaich in the area of calixaiene host guest chemistry 
carried out by Rebek and Shimizu supports the multiplicity and relative positions of 
the major signals for thei?-cyanophenylacrylamide derivative 159 being a 
consequence of dimérisation to a hydrogen bonded capsule.^  ^The non-equivalent 
calixarene aromatic protons and the diastereotopic OCH2  protons were all shown to 
be characteristic of the tetraureido dimers that are observed in non-polar solvent 
such as CDCI3  but not in polar solvents such as f^g-DMSO.
The sharpness of the signals for 159 in CDCI3 would also lend support to a discrete 
symmetrical aggregate. The pronounced chemical shift differences upon solution in 
(^-DMSO certainly indicate interference with an intermolecularly bonded system of 
some description. Chemical shift differences and line broadening upon addition of 
acrylamide again suggest a symmetrical arrangement being disrupted by a molecule 
capable of competing as a hydrogen bond receptor or donor.
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Calixarene
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HN =0-..
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Calixarene.XJ\ \ \ \ \ \ \
cX T A
Calixarene
Fig. 40 Cartoon illustration of necessary rotation (a) around Ai-CH=C bond to establish appropriate 
hydi'ogen bonding (a) intramolecular (b) intennolecular
The spectrum, which looks at 159 alone in CDCI3 , could be the result of either 
localised intramolecular hydrogen bonding (which somehow does not disturb the 
symmetry of the rest of the molecule) or possibly time dependent dimérisation of 
the calix. In order for this dimérisation to occur 159 must adopt a certain 
conformation resulting from rotation about the Ar-CH= bond at the broader rim of 
the calix (Fig. 40). Whilst the formation of the dimer is entropically favoured the 
formation of this dimer might be limited by the kinetics associated with the bond 
rotations necessary for the conformational criteria for dimérisation to be met.
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2.6 The tetraacrylamide capsule and pesticide binding
In the previous section (2.5) coupling of secondary acrylamides via the Heck reaction 
to the broader rim of a calix[4]arene resulted in unusual spectroscopic data. Based on 
this it was felt important to find evidence for the existence of a dimeric capsule. 
Compounds 154-157 as tertiary amides lacking the ability to form hydrogen bonds did 
not show the behaviour described above.
2,6A Further evidence of structure for the dimeric capsuie
Preliminary obsei*vations in the ^H-NMR spectra suggested restricted rotation around 
Cat-C-C at the broader rim of the calix[4]arenes 159,160 and 163. This restriction, it 
was hypothesised could be the result of intermolecular hydrogen bonding leading to 
the formation of discrete hydrogen bonded system; in this case a dimer.
Support for the idea that compounds such as 159,160 and 163 dimerise is found in 
their proposed encapsulation of benzene in CgDe as reported by Cohen and co-workers 
in a tetraureidocalix[4]axene system.®^  A Rebek tetraurea calixarene was shown by 
DOSY NMR to trap benzene within the tetraurea dimer.^ ^^ * A signal (referenced to 
TMS) arising at 5 4.02ppm was reported to be representative of the encapsulated 
benzene and hence attempts were made to use this technique to obtain evidence for 
159 and 160. In both cases there was evidence of a ‘Trapped” benzene at ô 4.70ppm 
and 4.50ppm respectively according to ^H-NMR referenced with TMS. The trapped 
benzene peak was shown to have a diffusion coefficient of 7.89 xlO’^  ^m^/s whereas 
the free benzene was shown to have a diffusion coefficient of 2.08x10’^ ® m^/s. Low 
concentrations resulting fiom low solubility of 159 in C^Dg have prevented full DOSY 
analysis. This problem, associated with solubility, is also reported by Cohen and co­
workers. The accuracy of diffusion coefficient determination was shown to be affected 
by the precipitation of the tetraureidocalix[4]arene over a period of time.
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OBu
Fig. 41 Restricted rotation around C-C axis of 159 Fig. 42 Intennolecular hydrogen bondT(8)
As outlined before, in solvents competing for hydrogen bonding such as DMSO and 
(^ 6-acetone the ^H-NMR spectra of compounds 159,160 and 163 revealed signals 
indicating equivalent aromatic calix protons, in agreement with the overall C4 - 
symmetry of a monomeric species. In non-polar solvents such as CDCI3 , CD2 CI2 , 
C2D2 CI4  and CeDg, however, the ^H-NMR spectra indicate a restricted rotation (Fig. 
41) around the Ar-CH= bond.
This observation is indicative of a dimérisation process involving hydrogen bonding 
reducing the rotational bairier around the Cat-C=C bond and hence giving rise to a 
pair of non-equivalent aromatic protons. Both COSY and ^H-^^C-HMQC
spectra confirmed the assignment of all signals. The ^H-^^N-HMQC revealed one cross 
peak corresponding to the N-H of 159.159 typical of a hydrogen bonded amide 
nitrogen.
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Fig. 43 Proposed structure of capsule of the type 159.159 Hydrogens and the / -^substituted arenes have 
been omitted for clarity
The above structure was obtained via MM+ energy minimisation using Chem3D by 
Cambridgesoft.
2.6.2 Temperature dependent NMR of 159
The H-NMR signal given for the OCH2 protons of 159.159 in CDCI3 was shown to 
alter significantly as the temperature is reduced. This change of the appearance of the 
OCH2 multiplet with decreasing temperature can be tentatively attributed to restricted 
rotation around the OCH2-CH2  bond at the narrower rim. A change fi-om a ABXY type 
multiplet to a AB type multiplet is observed (Fig. 44). This suggests that in the 
energetically most favoured conformation at 213K the H2 C-CH2 O approaches 0 Hz 
indicating a 90° dihedral angle as required by the Karplus relationship.
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3,85 3,70 PPM
Fig. 44 ^H-NMR (500MHz CDCI3) at 29BK, 243K and 213K respectively of 159
It was observed that the resolution of the CH2 O proton system was distinctly dependent 
on temperature. The rotational restriction imposed at lower temperatures also 
accentuates the non-equivalence of OCH2  protons, however at very low temperatures 
the system approaches coalescence with a loss of resolution.
^H-NMR spectr a of 159,159 in C2 D2 CI4  change considerably with increasing 
temperature (Fig. 45a). The non-equivalent two singlets of the aromatic protons in the
159,159 dimeric capsule seem to coalesce into one singlet. Coalescence was observed 
around 320K. This process can be explained by the rapture of the dimeric stractui e at 
higher temperatur es giving two monomeric 159. Alternatively this NMR behaviour can 
be rationalised by assuming rapid rotation around Ar-CH- in an intact dimeric 
structure. Similarly, increasing the temperature of 159.159 in C2D2 CI4 results in the 
steady collapse of the methylene doublet at 5 2.70ppm (see Fig. 37 and Fig 38) and the 
growth of a doublet at ô 3.2ppm, suggesting the adoption of a more pinched cone
conformation.
PPM7,0 8.B E.4 6,2
Fig. 45a The aromatic region of 159 in C2D2CI4 at temperatures a) 298K b) 310K c) 330K d) 348K e) 
398K
Chapter 2. 6. Tetraacrylamide capsules and pesticide binding Page 86
^H-^H-ROESY spectra (Fig. 45b) allowed unambiguous structure determination of 
component 159.159.
Fig. 45b ROESY spectrum of 159.159 in CDCI3 (500MHz, 298K)
Taking the quantitative NOE data and the ASIS effects based on the McConnell 
equation into account 159.159 is corroborated as a hydrogen bonded-dimeric capsule.
NH.
Fig. 46 Skeletal representations of ROESY/NOESY cross peaks for 159 in CDCI3 at 298K. Only 
portions of the calix[4]arene cone are included for both 3D (a) and 2D (b)structures for clarity.
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The key aspect to note is the strong NOE observed between the aromatic proton ortho 
to the -CN group and the NH proton. If restricted rotation were a consequence of 
intramolecular hydrogen-bonding one might not expect to see a NOE effect over that 
distance.
Fig. 47 shows the ^H-NMR chemical shift changes for 159.159 going from CDCI3 to 
DMSO for some key protons.
Ha A5 =  4-0.15 
Ha- A5 =  +1.21  
Hb AÔ = 4-0.41 
Ho AS = 4-0.14 
Hd AS = -0 .76  
He AS = -0.28  
Hf AS = -0 .14
Fig. 47 Chemical shift changes going firom CDCI3  to DMSO for 159.159. (A8= 5(c/6-DMSO)-S(CDCl3)
.Ha' ■
OBu
Qualitatively, the upheld shift for the p-CN aromatic protons could be anticipated since 
the adoption of a more pinched cone structure would allow the aromatic rings to 
become closer to each other and increase the shielding of the aromatic protons. This 
idea of an alteration in conformation of the calix when switching between a non-polar 
and polar solvent has already been discussed. In LSIMS a signal at m/z 1351 is 
observed corresponding to the monomeric 159 + Na.
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Although even LSIMS was shown to split the dimer and prevent observation of a 
dimeric molecular ion it was possible using ESI MS to observe (Fig. 48) a dimer + 
Methanol at m/z 2689and a dimer + 2 x  methanol at m/z 2725 in the negative ion mode.
Relative 
: infensitv
2689,2
tlllïtil.j
25G(î _r. li h  It I2&Î0
J 27252
TiijL2700
Fig, 48 ESI-MS of dimer 159.159 with one molecule of methanol in the cavity
It is also important that an equimolar mixture of 160 and 159 in CDCI3 gives rise to the 
formation of heterodimeric capsules. In the ^H-NMR spectrum four N-H signals 
corresponding to the four different N-H protons of 159.159,159.160 and 160.160 are 
observed in a statistical ratio of 1:2:1 at 8.2 mM concentration of 159:160 in CDCI3 .
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159.160
Fig. 49 Proposed structure o f  capsule o f  the type 160.159. Hydrogens have been omitted for clarity
It is, therefore, proposed that the heterodimer 159.160 is being formed (Fig. 49). The 
amount of 159.159 and 160.160 initially dissolved in CDCI3 has direct impact on the 
equilibrium mixture i.e: the ratios of 159.159,160.160 and the resulting 159.160,
If the initial ratio between 159 and 160 is 1:1 a statistical 1:1:2 mixture of 159.159,
160.160 and 159.160 respectively is observed.
The formation of an equilibrium mixture of homo and heterodimers occurs almost 
instantaneously. The four NH peaks, which correspond to the species 159.160,159.159 
and 160.160 can be assigned by comparison to the NMR spectra of the pure 
homodimers 159.159 and 160.160 at 11.27 ppm and 11.19 ppm. It follows that the 2 
additional signals at 11.31 ppm and 11.14 ppm originate from the heterodimer 159.160 
(see Fig. 50). The similar shape and integral of said peaks and their proximity to those
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belonging to the homodimeric species might suggest the assignment of the upheld
159.160 peak as the p-cyano amide NH signal and the downfield 159.160 peak as the 
^-nitro amide NH signal.
16W60
isaisa
11.4
Fig. 50. NH region of ‘H-NMR (CDCI3, 500MHz, 298K) equilibrium mixture of 159 and 160
11.2 11.1 11.0 PPM11.3
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2.6.3 Other solution phenomena
It is worthy of note that crude 159 that was not recrystallised thoroughly was shown to 
be a single species by NMR in pure c/e-DMSO but was shown to be a mixture of two 
species in CDCI3 . After recrystalisation a single (dimeric) species in CDCI3 was 
observed as mentioned in 2.6.2. For the crude material the upheld region for the
159.159 species was shown (Fig. 51) to possess broadened shoulder peaks further 
downheld from the CHaHb doublets at ô 2 .6 ppm and Ô 4.4ppm and the OCH2 signal at 
5 3.8ppm corresponding to a second species in CDCI3 . The broadness of these signals 
initially suggested a loose aggregate of some kind or the partial rupturing of the dimer 
by an inorganic impurity, although no alteration of the ^H-NMR spectrum was seen in 
the aromatic region. In an effort to identify the arrangement of 159, which could induce 
such signals of a second component, a DOSY-NMR experiment was carried out to 
compare the diffusion coefficients of the dimeric capsule 159.159 and the unknown 
species.
Observation of the dimer of 159 in chloroform at different concentrations shows a 
relationship between the experimental diffusion coefficient (Bruker 500MHz DRX 
A=20.0ms 0=8.0ms) and the concentration of the dimer (Fig. 52).
The diffusion coefficients are taken as the mean average for the ^H-NMR signals 
shown in Fig. 51.
Diffusion coefficients/ concentration
CO taoM.
0)1c.2I
Û
J: ; s ' a
Should» Peak 
"asjunnetnc dmet"
Should» peak 
"ajjxwrebic dimet"
Sjmmietric diner stiucture a* 
confiined I» NOESY, ROESY, 
HMQC and COSY. M ar
Upfield melhvlene peak 
of "a^immehic timor" P®*
solvent
peak dimer
shoulder
concentration in mmol/litre CDCI,
Fig. 52 Diffusion coefficient vs concentration of 159.159 Fig. 51 Expanded region of crude 159.159 
dimer as determined by ^H-NMR (CDCI3 , 500MHz, 298K) NMR spectrum (CDCI3 , 500MHz, 298K)
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It is important to note that die shoulder peaks (Fig. 51), which persisted in the crude 
have a similar diffusion coefficient to the dimer 159.159 suggesting the molecule they 
represent has a similar hydrodynamic radius.
The shoulder peaks could, therefore, represent a dimeric structure or is a similarly sized 
aggregate but with either a lower coalescence temperature for the signals for
this secondary component or possibly a slow (with respect to the NMR tjmescale) 
conformational interchange of the secondary component. A loose aggr egate with 
exchanging hydrogen bonds could also be suggested.
It was this DOSY-NMR experiment that leads to the conclusion the species generating 
the shoulder peaks is considered unlikely to be a monomer formed by the rupturing of 
the dimer 159.159 as a distinct variation between the diffusion coefficient for the
159.159 and monomeric 159 would be expected. Consequently, it is possible that the 
templating of an alternative dimer or aggregate occurs in the presence of certain 
impurities.
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2,6A Screening of pesticides
Based on the evidence of dimérisation of 159 through hydrogen bonding, potential 
guests were added to the capsule in CDCI3 to evaluate the host guest chemistry 
(through observation of *H-NMR spectra). The binding ability of compound 159 was 
also assessed owing it’s hydrogen bonding motif and lipophilic cavity. A series of 
pesticides and herbicides 168-175, that have been shown to enter the food chain in the 
countries of the former USSR were chosen as guests.
n^ - n
^NH
168 Simazine- 
Herbicide
>
I T
169 Vapam- 
Fumigant
01
T
Cl
170 2,4-D- 
Herbicide
" '" 'A y
171 Metribuzin- 
Herbicide
01
Cl
yTY JC*A , A Y
172 Chlorosulturon- 
Herbicide
%
V A
173 Propazine- 
Herbicide
174 Dalapon- 
Herbicide
175 TMTD- 
Fxmgicide
The observed chemical shift differences for all protons (barring labile ones) of a 
pesticide when a stock solution (5mg, 7.77mmol/L) of 159 was added to a 
stochiometric (1:1, 7.77mmol/L) amount of pesticide in CDCI3 at RT was not found to 
vary beyond the digital resolution of the 500 MHz NMR spectrometer (0.153Hz).
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Hence it was concluded that the interaction between 159 and the pesticides employed 
was negligible.
Other synthesised macrocycles including 158 and 156 were also used in the screening 
process, however similarly small variations in chemical shift which could equally be 
ascribed to random combined solute effects did not lead to any evidence of host guest 
binding. It was decided to consider the dimeric capsule represented by 159 for any 
inclusion complex that would occur (the encapsulation of benzene had been 
illustrated). Similar solutions (CDCI3) were prepared for the case of 159. Both 
pesticides and other guests including pyridines, biphenyls and substituted benzenes 
were introduced with a view to inclusion within the capsule. Forcefield models 
(Hyperchem-MM+) indicate approximate dimensions of the geometry-optimised 159 
as shown in Fig. 53 and that for 159.159 (Fig. 54).
5.9Â
15.3Â
Fig. 53 computer generated model of 159 a) Overhead view and b) Side view
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8.1 A
13.8 A
a) b)
Fig. 54 computer generated model of 159.159a) Overhead view and b) Side view
Little significant chemical shift differences were observed aside from the shift of 0.1- 
25ppm downfield in CDCI3 of the NH signals for the pesticides 168,171,172 and 173 
indicating loose hydrogen-bonded aggregation.
It is further important to note that potential guest molecules possessing hydrogen 
bonding motifs interfere with the calix[4]arene dimer stability as observed for the cases 
of phenol and acrylamide on page 76. This in itself suggests a binding interaction.
131c
(73%)
which overcomes that between two molecules of 159 however, the complexity of the 
observed NMR spectra for such dimérisation, hydrogen bond breaking and host guest 
interaction would make any ^H-NMR titrations to establish a specific binding constant 
inaccurate. As stated in the introduction DOSY experiments are useful in the
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determination of host-guest interaction. An example of how such data can be observed 
is given in the case of 131c in Figures 54c-f.
The proton spectrum for 131c is shown in Fig 54c. A diffusion experiment with the 
parameters 8 = 8 ms and A=20ms results in a larger diffusion coefficient being observed 
for the quantity of protonated solvent (CHCI3) than for the protons of 131c. This can 
be determined by fitting the datapoints to the exponential relationship based on the 
Stesjkal-Tanner equation (page 36).
T T -p-rrG TTTT-p-TTT
Fig. 54c ^H-NMR spectrum of 130c (500MHz, CDCI3 , 298K)
The ^H-NMR spectrum for 130c shows the typical trans doublets associated with 
tetraolefinic calixai*enes. The quantity of CHCI3 present in solution is shown at Ô 7.26. 
When a curve-fitting approach is taken the (hfhision coefficients can be discerned. Fig 
54d and 54e show the exponential fit of the signal intensity (observed as a proton 
resonance) against the gradient strength for 130c (in the case of Fig. 54d) and CHCI3 
(in the case of Fig. 54e).
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DOSY simfit plot for 131c
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Fig 54d DOSY-fit of exponential relationship between intensity and gradient for 130c
DOSY slmftt plot for solvent
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Fig. 54e DOSY-fit of exponential relationship between intensity and gradient for CHCI3
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Fig. 54f 2D-DOSY plot indicating “light” chloroform and “heavy” calixarene 130c 
The 2-dimensional plot of diffusion coefficients for the individual protons (Fig. 54f) 
clearly shows a larger diffusion coefficient for the CHCI3 than for the calix 130c. 
During the course of the pesticide screening an inclusion complex could be observed 
with the fungicide tetramethyl-thiuram-disulfide 175 as a guest. 175 is an agricultural 
fungicide used in the treatment of sports turf and seedings. The MSDS suggests 175 to 
be a suspected teratogen and carcinogen. It is poisonous by ingestion (Acute oral 
LD50: 560 mg/kg in rats.) and inhalation (LC50: 4.42 mg/1 rat-4 hour) of vapour and 
can cause acute (dermal LD50; 1 000 mg/kg in rats) dermatitis in contact with skin.
175
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The two methyl resonances of 175 are shifted towards higher field on encapsulation 
from e.g. ô 3.52ppm to ô 3.2ppm. The uptake of this guest 175 is relatively slow (ti/2  
~36hrs in CDCI3 at 4.1mM 1:1 stochiometry) as estimated by *H-NMR spectroscopy. 
Further evidence for the encapsulation of 175 results from diffusion NMR experiments. 
On encapsulation the diffusion coefficient of 175 changes from 2.08x10'*® m^/s to 7.89 
xlO'** m^/s (similar 159.159 (5.5mg in CDCI3 1:1 stochiometry) with a diffusion 
coefficient of 7.237 x 10'**m /^s). The assumption that the stochiometry between host 
and guest is actually 1:1 is based on the integration of the *H-NMR signal formed at 
3.21 ppm for the methyl resonances of the TMTD corresponding to two molecules of 
159. This is further corroborated by the ESI-MS showing a weak signal at m/z 2898, 
which corresponds to the 175.159.159 complex.
Thiuram 175 and 159.159 Thiuram 175 (Green) in 159.159
There is also NMR evidence for the encapsulation of 176. As in the case of 175 an 
upfield peak at 4.03ppm (typically the triazine CH3O is at 4.07ppm CDCI3 298K 
500MHz) grows over time (approx. 12 hrs) to give a stochiometrically integrating 
signal. The DOSY-NMR spectra (CDCI3 500MHz, for 159 lO.Omg) shows the 
characteristic decreased diffusion coefficient of 3.4 x 10'*® m^/s for the assigned proton 
for encapsulated 176 at 4.03ppm. This value is close to the diffusion coefficient 
observed for the calix[4]arene using the average for all signals at 3.1 x 10'*®m /^s. The 
free 176 is shown to have a diffusion coefficient of 4.5 x 10'*® m^/s.
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01
0 CH3
XX.N ' " 0 CH3
176
The difference between diSusion coefficients of free and encapsulated molecules are 
not as large relatively as that found for 175. However the higher concentration in the 
case of 176 could affect the viscosity of solution that contributes to D in the Stokes- 
Einstein equation. This is corroborated by the use of TMS and CDCI3 as internal 
standards. In the case of the two different concentrations of 159,159, the diffusion 
coefficients of the standards were shown to vary in line with the diffusion coefficient 
of the dimer. Owing to the slow exchange of 175 and 176 on the NMR timescale we 
were unable to ascertain quantitatively the strength of interaction using NMR 
techniques. For both 175 and 176 encapsulation appears to occur ineversibly. It 
appears that over a 400hr timescale 176 does not displace an encapsulated 175 and vice 
versa. It could be argued that the kinetics are so slow as to prevent the observation of 
guest displacement. Having had some success in the encapsulation of these small 
molecules, attempts were made to increase the size of the capsule to increase the 
reliability of the encapsulation process.
OBu BuO
EtgN, 15% Pd(0Ac)2, DPPP, 
DMF. 100%, 275hrs
"NH
OR RO
49%
98 177
Fig. 55 Synthesis of 177 using optimised Heck procedure
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Compound 177 with two distict hydrogen bonding motifs was synthesised using the 
optimised Heck procedure (Fig. 55).
Literature precedent supported the formation of an expanded capsule in non polar 
solution with the more exposed amides paricipating in hydogen bond formation.^^ It is 
worthy of note that 177 comprises two sets of amides capable of self complementary 
hydrogen bonding. Disappointingly 177 was only soluble in DMSO, thus preventing 
any further studies of H-bonding.
The synthesized acrylates 131a and 131c and 100b-103b did not appear to bind to any 
of the guests, with the limited chemical shift variation not being sufficient to confiim 
unequivocally that binding in the cavity was taking place. One exception was the 
acrylate 131b which was shown to have an affinity in CDCI3 to cyclen 178. This is 
characterised by the immediate growth of a new signal at ô 2.41ppm which correlates 
to the CH2  groups of 178 appearing further upfield. DOSY NMR studies showed a 
negligible variation in the diffusion coefficient between the apparent fiee and bound 
cyclene suggesting a weak interaction.
HN
NH
178
Whilst this observation could be explained from the viewpoint of rapid interchange, 
the development of a new peak at a lower field suggests two distinct proton 
environments in this supramolecular system.
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2.7 Imine Functionalities and dynamic library formation
2.7.1 Covalently Bonded Capsules
Based on the Heck coupling methodology and tlie success of others in the formation of 
broader rim covalently bonded capsules attempts were made to exploit the reactivity of 
aldehydes 131d and 131e in the formation of covalent capsules/^^^
Should the linking species be sufficiently reactive, it could be possible to foim 
exhaustively linked capsules in reasonable yields by varying the concentrations of the 
various components. Covalently bonded capsules have been reported, however the 
cavities are smaller and would appear to lack the flexibility necessary to trap larger 
organic molecules.^^^  ^Some are only hnked in two positions on the cahx and tend to 
adopt a 1,3 alternate calixarene conformation. In an effort to reduce the susceptibility 
of an aldehyde bearing species such as 131d to ester hydrolysis the meta-formyl 
derivative was used to give 13le.
OR RO OR RO
131d 131e
A selection of diamines were used in an effort to link the above tetraformyl species to 
form capsules. No success was had in the isolation of capsules (of 131d) linked by 
aliphatic diamines. Attempts to link 131d using 1,3-phenylene diamine also failed.
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DCM,4ÂMS,
H2N (CgHlg)—NH2 ------------
131d + 48hrs, RT.
179
i
SBOBU
DCM,4ÂMS.
131 d + HgN-
BUGUS
24hrs, RT.
HfiN. DCM, 4Â MS,7t   X /u : :y
24hrs, RT.
BuSUO
n - ? / '  . /> — y V. / A  r « V - n  / / iV i
131d + TOH
180
131d +
DCM,4ÂMS, Bw%i  ^
15hi-s, RT.
183 (85%)
13le H” HjN—^  ^ —NHg 
182
DCM, 4Â MS,
15hrs, RT. BuGl
N— < ^ % —N
yBoBu
184a (76%)
A 1:2 stochiometry of calixramine linker was used for 1,6-hexanediamine 179,1,3- 
diammopropan-2-ol 180, 1,3-phenylene diamine 181 and 1,4-phenylene diamine 182.
There was no indication of discrete covalent capsule formation for the first three 
diamines 179,180,181. The ^H-NMR showed broad signals long rotational lifetimes
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and the LSIMS indicated complex mixtures or the formation of non-linked imines. 
Polymerisation was also a concern. For both 131d and 131e in the presence of the 
appropriate stoichiometry of 1,4-phenylene diamine it was shown that exhaustive 
imine formation occurred at the broader rim of the tetraaldehydes and that there was 
no obvious signal indicating flee NH% nor CHO. Considering the accurate 
stoichiometry the only possible conclusion which can arise is either the formation of a 
polymeric calix[4]arene system or the formation of a covalent capsule. Despite the 
complexity (Fig. 56) of the ^H-NMR spectra for both tetraaldehydes, it was possible 
using COSY-NMR spectra to make some tentative deductions of the structure.
IàJUJJ
8.0 7.5 B.5 ’ ’ aO  ' PPM
Fig. 56 The aromatic region for the proposed imine capsule (183) of 131d and 1,4-phenylene diamine 
182.
There is strong evidence to suggest a pinched cone stnicture of reduced symmetry in 
the form of two (Fig. 56) as opposed to one signal for the narrower rim OCH2 groups. 
However, at the same time the methylene protons in this compound (Fig. 57), which 
reflect.
4,8 4.B 4.4 4.2 4.0 3.0 3.8 3.4 3.2 PPM
Fig. 57. Methylene region of imine capsule of 131d and 1,4 phenylene diamine 182.
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the symmetry of the calix basket indicates a regular cone or pinched cone 
conformation. The existence of two sets of well defined olefinic doublets (Fig. 56 (c)) 
suggests that two sides are pinched together causing those olefinic protons to be 
equivalent, with the remaining two sides pulled outwards to yield a different proton 
environment for the second set of olefinic protons. Although it is very difficult to 
assign the individual aromatic protons (Fig. 56 (b) and (d)) the number of non­
equivalent aromatic systems both for the diamine linker in addition to the calix would 
support this idea of reduced symmetry. The presence of two imine signals (Fig. 56 (a)) 
suggests two types of imine. The rudimentary geometry optimisation of 183 also 
suggests the orientation may resemble a basic parallelogram (when viewed Jfrom 
above), which explains the asymmetry. This is further supported by observations of 
similar calixarene capsules, which are shown to possess this particular geometry^ *^®. It 
is interesting to note that for both 183 and the crude product firom the reaction under 
similar conditions of 131d with 182 to give 184a the methylene regions are identical 
and the spectra for both compounds possess two imine peaks. Considering the 
regioisomerism for the aldehyde fimctionality for both calix[4]arenes and the loss of 
both aldehyde signals and fi-ee amine peaks indicating complete reaction it could be 
said that both proposed imine capsules possess a similar geometry (Fig. 58).
184a
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Fig. 58 Proposed covalent capsules formed upon condensation of 131d and 131e (respectively) with 1,4 
phenylene diamine 182.
Hie predicted m/z of the above capsules approaches the boundary for low resolution 
LSIMS and ESI-MS (jn/z ~ 3000) and no molecular ion could be observed.
As a direct consequence the calixarene 184b was prepared with a calix[4]arene-n- 
propylether in 72% yield and attempts were made to sythesise the covalent dimer 
184c.
DCM,4ÂMS,
15hi-s, RT.
N'— — N
O P r  P rO
184b 184c
ESI-MS in positive ion mode at 200°C gave several peaks, which correlated to the 
dimer 184c including the molecular ion + Na at m/z 2888. Thus the formation of 184c 
could be supported. LSIMS gave a complex fragmentation pattern with a signal 
indicative of a molecular ion + 2 H2 O at m/z 2903. Further fragment ion peaks appear 
at lower m/z, which could be assigned as fragment ions having lost one to thr ee 
phenylene diamine bridging units 182.
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2.7.2 Other broader rim imines
Due to the successful formation of covalently linked imine capsules it was decided to 
further exploit aldehydes 131 d,e in elaboration of the broader rim. This work was 
undertaken with a view to obtain both static and dynamic combinatorial libraries of 
macrocycles.
It is important to note that the formation of 131d is made challenging by the 
decomposition of the corresponding acrylate 130e. Consequently the number of imine 
condensation products for 131d which could be properly characterised were limited.
°^131d OR RO131e
131d + 185-199 CDCI3. RT 4AMS 2 0 0 a-o
X31e + 185-199 -
Ha .NHaNHa
Y  "
0 CH3
185 186 187 188
NHa
NHa
NH
189 190
NHa
191
2 0 la - 04AMS
.  NHa
/ HN'"^
194
HaN
~ v°197
195
NHa
/
198
NHa
196
NHa
199
NHa 
^ /^(CHa);
192 193
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Fig. 59 Reaction scheme for tlie condensation of amines 185-199 with 131d and 131e to give 200a-o 
and 201a-o respectively
131d and 131e undergo rapid condensation at RT with electron rich amines of both 
aromatic (185-189) and aliphatic (190-194 and 197-199) character to give imines of 
the type 2 0 0  and 2 0 1  resp.^ ^^^
Table 8  provides details of the scope of these condensation reactions to give a library 
of tetra kninederivatives 2 0 0 a-o and 2 0 1 a-o.
OR RO
200a-o (R =n-Bu, R’= a-o)
NR’=
HaC'
OR RO
201a-o (R=n-Bu, R’a-o)
A
%-o.
k
.N
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Amine Product Yield (% 
crude) of 
tetraimine
Duration
(Hrs)
Amine Product Yield (% 
crude) of 
tetramine
Duration
(His )
185 2 0 0 a SO 1 0 185 2 0 1 a 75 1 0
186 2 0 0 b - - 186 2 0 1 b 72 1 1
187 2 0 0 c 72 1 0 187 2 0 1 c 6 8 1 0
188 2 0 0 d 52 1 1 188 2 0 1 d - -
189 2 0 0 e 85 1 0 189 2 0 1 e 59 1 2
190 2 0 0 f - - 190 2 0 1 f 83 7
191 2 0 0 g - - 191 2 0 1 g 77 1 1
192 2 0 0 h - - 192 2 0 1 h 75 1 0
193 2 0 0 1 - - 193 2 0 1 : 45 1 2
194 2 0 0 J - - 194 2 0 1 j 38 15
195 2 0 0 k N/A N/A 195 2 0 1 k N/A N/A
196 2 0 0 1 N/A N/A 196 2 0 1 1 N/A N/A
197 2 0 0 m - - 197 2 0 1 m N/A N/A
198 2 0 0 n 54 1 1 198 2 0 1 n 78 1 0
199 2 OO0 - - 199 2 OI0 49 8
Table 8 Listing of condensation reactions of 131d and 131d with 185-199
In cases 185-193 and 198 complete condensation occurs within 12hrs. However in the 
case of more electron deficient amines, such as 194-197, the reaction proceeds slowly 
even in the presence of small quantities of mineral or Lewis acids at elevated 
temperatures. Only mixtures of mono-, di- and tri-imine could be observed by ^H- 
NMR. Reaction of the bases cytosine and adenine occurs only to a limited (2-4%) 
conversion and even this, could only be achieved in a (fg-DMSO/CDClg mixture (1:1) 
owing to their insolubility in CDCI3 . Although the formation of an imine CH=N signal 
in ^H-NMR at ô 8.15ppm suggests that the glutamic acid ester 197 does undergo 
reaction, the product 2 0 1 m decomposes on standing after removal of the molecular 
sieve. Should the molecular sieve not be removed broad lines are observed in the^H- 
NMR.
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Similarly, the free amino acids L-alanine, L-serine, L-cysteine, L-tryptophan, L- 
histidine, L-valine and L-methionine fail to react despite long reaction times in the 
literature conditions. As observed in non-macrocyclic cases, ester protected amines 
194 and 197 show a greater degree of reactivity. As expected the reaction times of 
amines 185-199 loosely reflect (Table 8 ) their relative nucleophilicity/^ '^^^ '^^^ '^^^^
4.5 4.0 3.5 3,0 2.5 2.0 PPM
Fig. 60 Expanded ^H-NMR Spectrum of 201e in CDCI3  500MHz
Fig. 60 illustrates the typical ease with which compounds of the type 200 and 201 can 
be isolated and identified, since typically the only by-product of the condensation is 
water. The key depletion of the aldehyde peak at ô 9,8ppm and the formation of an 
imine signal at ô S.Oppm is indicative of imine formation. The characteristic 
methylene signals representative of the tryptamine in e.g. 2 0 1 e at 5  3 ,8 ppm and ô 
3.1 ppm are also distinctive. The tetraimine products are C4V symmetric and there are 
no side reactions.
2.8.3 Mixtures of imines for dynamic combinatorial libraries
The calix[4]arene geometry and ease of functional group interconversion provides an 
ideal platform, on which suitable functionalities can be assembled according to 
specific interactions with a guest molecule, The non-selective, pre-formed
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lipophilic cavity of a calix[4]ai-ene provides a mildly attiactive recess for similarly 
lipophilic components of a potential guest, without impinging on any self-assembly 
process of appropriately functionalised building blocks.
As a new concept in DCL it was proposed to use the rigid calix[4]arene as a scaffold 
for receptor synthesis.
Thermodynamic stability is essential for preorganization and host guest interaction vio 
intermolecular bonding forces. However, in terms of a dynamic combinatorial 
system with a templating guest molecule and, if necessary, rearranging the individual 
components to yield a host-guest complex of lowest energy driven by the Le Chatelier 
principle, little success has been had with calixarene systems. In the past, the 
synthesis of the basic platform in the form of a tetraolefinic calix[4]ai enes 131d and 
131e, comprising a deep hydrophobic cavity and bristling with reactive aldehyde 
groups offered a chance to revisit this area of chemistry.
Of considerable interest is the ability to combine mixtures of the amines 185-199 in a 
dynamic fashion. A further benefit is the reversibility of imine formation. Should a 
modular approach be taken, the imine reaction can be reversed by treatment with 
dilute aqueous HCl over 30mins.
pMe
191
185
187
187
191
187
OR RO OR RO
187
185
2 0 2  (two regioisomers)
An example of this thermodynamic preference is given by LSIMS of 131d when 
mixed with stoichiometric amounts of 185,187,189 and 191. There is evidence for
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the predominance of a heterocondensation product 2 0 2 . LSIMS showed a distinct 
signal at m/z 1684. Owing to complexity of such 3D structures, giving rise to regio- 
and stereoisomers, an abbreviated form illustrating the positions of the different imines 
formed ffom 185,187,189 and 191 at the broader rim can be illustrated by 
considering an overhead view (Fig. 61). Along with 202 smaller amounts of 203 (m/z 
1736), 204, (m/z 1758) and 205 (m/z 1804) were also formed in solution.
187 185 187 185 185 185185 187 187 187 185 185
191 187187 191 187 187187 185 187 189 185 189
191 185
187 185(a) 202 (b) 203 (c) 204 (d) 205
Fig. 61 Cartoon structures for(a) 202 (b) 203 c) 204 d) 205
The existence of two regioisomers for 202 can be abbreviated using the following 
(Fig. 61 (a)) nomenclature for ease of analysis of these heteroimine species. An 
overhead view of the calix[4]arene has each benzene acrylate represented as a comer. 
The abbreviations for the amines are taken from Fig. 60. The two regioisomers for 202 
are represented in Fig. 61. A thir d isomer o f202 is shown (below the dashed line), 
which is the enantiomer of202. In this special case the stereogenic element is a 
stereogenic center positioned in the centre of the calixarene cavity.
The remaining components 203,204, and 205 are of higher point symmetry and 
degeneracy limits the number of regioisomers they possess (Fig. 61 b), c), d), resp.)
Simultaneously when a 4:1 ratio of the individual amines 185,187,189 and 191 was 
added to 131e (along with molecular sieves) an equilibrium mixtur e (according to 
LSIMS) was established over SOOhrs to give predominantly 206 {m/z 1434) and 
smaller amounts of 207 {m/z 1487), 208 {m/z 1503) and 209 {m/z 1450). This 
experiment clearly indicates the establishment of an equilibrium mixture with the 
preferred amines occupying position(s) on the broader rim in solution.
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187
1
189
1
185 185 191 185 ■
191
206 207 208 209
When then two portions of this mixture were treated witli a 1:1 stoichiometry of either 
biotin 210 or barbituric acid 211 and allowed to equilibrate over 300hrs the 
distribution of different imines was shown to change considerably. In the case of 
biotin 210 the predominance of the monobenzylimine 206 {m/z 1434) within the 
mixture was lost as the LSIMS showed a greater intensity for the peaks corresponding 
to 207 {m/z 1487) 208 (m/z 1503) 209 {m/z 1450) in addition to a new peak 
corresponding to 212 {m/z 1540) could be observed.
OH
187 191
191
187 '191
191’
211
212
In the case of the addition of barbituric acid 211 it was noted that no discernible peak 
was observed for 206 and that the predominant imine was 207 with smaller quantities 
of 209,208 and 212. Whilst the above observations do not show absolute 
discrimination of the dynamic system in favour of a particular imine of 131d, they do 
show a variation in the type of components, which are prevalent in the presence of a 
given guest. In addition, certain imines, which are shown to exist in the equilibrium 
mixture of 185,187,189 and 191 and 13le, are shown to be disfavoured in the 
presence of the guests biotin 2 1 0  or barbituric acid 2 1 1 .
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This illustrates unequivocally that the principle of the dynamic combinatorial Hbraries 
can be exploited using the calix[4]arene building block. When suitably furnished, with 
the appropriate functionalities, (capable of undergoing reversible reactions) these 
calix[4]arenes can be used in dynamic templation of a particular broader rim structure 
in the presence of a guest.
Chapter 3
Conclusion
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3.1 Conclusion
The validity of palladium catalysed coupling of a series of olefinic species to the 
broader rim has been demonstrated by this research. Conditions have been optimised 
for the coupling of both aromatic and aliphatic acrylates. Stereospecific formation of 
the all trans coupled product (10) of an exclusively p Heck coupling has been 
observed throughout. All compounds have been obtained in good yield.
Pd(OAc)2.et3N
DMF, l00a-103a,13Qa>c,o,f Ligand
X=COzR
100b-103b, 131a-e
Despite being less reactive than their non-macrocyclic equivalent (Coumaric acid 
ethyl ester) the reduction of a tetraolefinic calix[4]arene (of the type showed above) to 
the aUylic alcohol equivalents (122 and 123) was accomplished and illustrates in 
principle that functional interconversions are possible.
As a further advance in the development of synthetic methodology for the generation 
of receptor libraries (be they static or dynamic) the coupling of both tertiary and 
secondary acrylamide species via a palladium catalyst has been accomplished. This 
method of introduction of amidic hydrogen bonding motifs should serve as a valid 
procedure for similar research in the field of broader rim calixarene derivatisation.
DMF/EtsN
10-15% Pd(OAc)2/
DPPP
lOO^ C
144-153
X=
154
157
.NH
a -
160
0
155
0156
NH
158 159
NH
163
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In the discovery of acrylamides (8 ), possessing the capacity (by virtue of pre- 
arrangement of amidic hydrogen bonding motifs) for capsule formation, a valid 
contribution to the understanding of dimérisation process via H-bonding in solution 
(of a similarly derivatised calix[4]arene) has been made. The slow exchange of the 
proposed guests (on the NMR time-scale), whilst suggesting a strong binding 
efficacy, removed the ability to quantify this interaction. The binding of a commercial 
pesticide by an acrylamidocalix[4]arene is supported by the NMR and ESI-MS data.
In that respect the goal of binding a pesticide within a receptor resulting fi-om the 
derivatisation of a broader rim calix[4]arene has been achieved.
159.159 +175
The ability to couple formyl fimctionalised acrylates to the broader rim has allowed us 
to investigate the reactions of aldehyde moieties, more specifically the condensation 
of amines at these reactive sites to give trans imines (17). Using this strategy a small 
static library of deep cavity calix[4]arene receptors could be obtained and are fully 
characterised.
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OR RO
HaC-'
h
XCHg)y (Et30)S i-v ^ _ ./\/N
i
j
OR RO
2 0 1 a-c, e-j, n, o
In the case of dynamic combinatorial libraries the principle of utilising a guest 
molecule to template or at least effect a specific outcome of imine forming reactions 
at four aldehydic sites on the broader rim of the calix[4]arene has also been 
illustrated. This provides support for the principles of formation of dynamic 
combinatorial libraries and fiirther proposes calix[4]arene building blocks as being 
useful in their construction.
Chapter 4
Experimental
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4.1 Experimental
General experimental
As verified by other authors, the elemental analyses of calixarenes are very often 
unreliable because of inclusion of solvent molecules and as such, cannot be regarded 
as an appropriate criterion of purity; nevertheless, the identity of the compounds 
synthesized has been supported by other spectral data/"^ ’^^ "^  ^ Furthermore, it is also 
reported by Beer and coworkers that in some cases the contiibution to deficiencies in 
the elemental analysis of a calixarene of certain solvents can be rationalised. It is 
with this in mind that common solvent impurities can be included in the elemental 
calculations provided there exists corroboration within other spectra. Where water is 
proposed to be included by the cafixarene and IR band at 3400-3600cm"^ is observed.
and NMR spectra were recorded on either a JEOL 270MHz, Bruker AC 
300MHz or a DRX 500MHz spectrometer. Standard Bruker 2-D software was used for 
spectral processing.
Chemical shifts are reported as ô values in ppm relative to the solvent CDCI3 as an 
internal standard ( 6  7.26) or TMS (5 0.00). All coupling constants are quoted in Hz. 
Elemental analysis were made on a Leeman Labs CE440 Elemental Analyzer.
Infi-ared spectra were determined on a Perkin Elmer 200 Spectrometer. The mass 
spectra (m/z) were recorded either by the EPSRC National Mass Spectrometry Service 
Centre, Swansea or a ThermoFinnigan Mat 95 X. All LSIMS data was collected on a 
TheimoFinnigan Mat 95 X and ESI-MS was recorded on a ThermoFinnigan DECA 
CQXP Plus.
TLC (Merck) or NMR was used to follow the progression of experiments, the typical 
solvent system for TLC being 1 :3 ethyl acetate: hexane 
All chemicals/reagents including 1 were purchased firom the Aldrich Chemical 
Company and used without further purification unless stated otherwise. Solvents were 
dried and purified according to the standard procedures. "^^  ^Melting points were 
determined on a Kofler hotstage apparatus and are uncorrected. All compounds are 
named using a simplified nomenclature and the lUPAC cafixarene nomenclature.
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93
Calix[4]arene 25,26,27,28 tetrol^^^
p-teit-Butylcalix[4]arene 125,26,27,28 tetrol (5g, 6.75mmol) was added to a stirred 
solution of phenol (0.875, 9.30 mmol) in toluene (50ml). After 30mms of vigorous 
stirring at RT anhydrous AlClj (5g, 37,51mmol) was added. The mixture was stirred 
at RT for 24 hrs.
The reaction mixture was poured into 250ml beaker containing 100ml crushed ice.
The vessel was rinsed with CH2 CI2  (80ml) and the organic phase was washed with IM 
HCl (50ml) and water (2x50ml). Organic phase was separated, dried over Na2 S0 4  and 
solvent removed under reduced pressure. The yellow residue was recrystallised from 
diethyl ether at 0° C to give the calix[4]arene 93 (2.35g, 82.5%) as off-white cubes; 
mp-315-318 °C; 0h(270 MHz; CDCI3) 10.20 (4H, s, OH) 7.06 (8 H, d, J 7 , 5  Ar-H),
6.73 (4H, t, J 7.5, Ar-H), 4.24 (4H, s (broad), CHaHbAt), 3,52 (4H, s (broad), 
CHaHbAt); m/z (El) 424 [M+]; (Found; C, 72.84; H, 5.46%. C2 8H2 4 O4  ■ 2 H2 O requires 
C, 73.03; H, 6.13%.
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Calix[4]arene 25,26,27,28 tetra-n-butylether
Calix[4]arene 25,26,27,28 tetrol (2.9g, 6 .8 mmol) 93 was slowly added to a stined 
suspension of sodium hydride* (net weight 1.63g, 41 mmol) in DMF (20ml). After 
30mins of vigorous stirring at 40°C, iodobutane (6.2ml, lO.Og, 54mmol) was added. 
The mixture was stirred at 65°C for 24 hrs.
After cooling 3M HCl (150ml) was added to the mixture. The yellow precipitate was 
removed by filtration and washed with distilled water (150ml). The organic residue 
was recrystalhsed from methanol to give the caHx[4]ai*ene 94 (3g, 60%) as off-white 
cubes; 5 h ( 3 0 0  MHz; CDCI3) 6.63 (12H, m, Ar-H), 4.46 (4H, d, J 12.5, CH^HsAr), 
3.90 (8 H, t, J 7.5 CH2 O), 3.15 (4H, d, J 12.5, CHA%Ar) 1.90 (8 H, m, C^CHgO), 
1.53-1.40 (8 H, m, CT^CHs ), 1.01 (12H, t, J 8.3, CH3CU2); m/z (El) 649 [M+j; Found; 
C, 84.10; H, 8.36 %. C44H5 6O4  requires C, 81.44; H, 8.70%.
*As 60% Mineral oil dispersion of NaH. Oil was removed by washing with Petroleum 
ether 40-60°C prior to reaction.
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Calix[4]arene 25,26,27,28 tetraoxymethylacetate111
K2CO3 (10.35g, 75mmol) was added to a stined solution of calix[4]arene 25,26,27,28 
tetrol (4g, 9.43 mmol) 93 in CH3 CN (2 0 ml). After 2  hrs of vigorous stirring at 40°C 
methyl bromoacetate (7.11ml, 11.46g, 75mmol) was added. The mixture was stirred at 
60^70°Cfor24hrs.
After cooling the base was neutralised using 3M HCl. The organic extract was dried 
(NazSO^), filtered and evaporated under reduced pressure. Hie residue was 
recrystallised from methanol to give the calix[4]arene 95 (3g, 60%) as off-white cubes; 
mp. 123-126 °C; 0 h ( 2 7 0  MHz; CDCI3) 6.60 (12H, m, Ar-H), 4.84 (4H, d, J 12.5, 
CFaHbAiO, 4.70 (8 H, s, CH2O), 3.68 (12H, s, CH3O) 3.21 (4H, d, J 12.5, CHA%Ar); 
m/z (El) 712 [M+]; (Found; C, 64.69; H, 5.51%. C40H40O12 - I.5 H2 O requires C,
64.94; H, 5.86%.
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98
5,ll,17,23-Tetraiodo-25,26,27,28-tetrabutoxycalix[4]areiie^^^
Silver trifluoroacetate ( 0.37g, 1.62 mmol) was added to a stirred solution of 
calix[4]arene 25,26,27,28 tetra-n-butylether (0 ,2 g, 0.3 mmol) 94 in CHCI3 (20ml). 
After 3 hrs of vigorous refluxing the mixture was cooled to 50°C and iodine (0.417g, 
4.15mmol) was added. The mixture was stirred at 50°C for 24 hrs.
After cooling to RT the Agi was filtered off and the violet filtrate collected and 
bleached with 50ml sodium metabisulphite solution (20% w/w). The organic extract 
was dried (Na2 SÔ4), filtered and evaporated under reduced pressure. The residue was 
recrystallised from methanol to give the calix[4]arem 98 (0.146g, 41%) as off-white 
cubes; mp- 195-198°C; (Nujol)/cm‘* 1100 (C-0); Sh(300 MHz; CDCU) 6.93 (8 H, 
s, Ar-H), 4.21 (4H, d, J 12.7, C%HsAr), 3.78 (8 H, t, J 6.3, CHjO), 3.16 (4H, d, J 
12.7, CHATfeAr), 1.75 (8 H, m, CT^CHzO), 1.40-1.25 (8 H, m, C%CHs ), 1.00 (12H, t, 
J 6.0, CH3CH2); 8 c (CDCI3) 156.2,137.1,137.3,137.6,75.5,32.9,31.2,20.4,14.0; 
m/z (El) 1152 [M+]; Found; C, 44.75; H 4.55%. C4 4 Î32O4 I4 • IH2O requires C, 45.15; 
H,4.65%.
Chapter 4 LExpeiriinental Page 123
5,ll,17,23-Tetraiodo-25^6,27,28~tetrakîs(methoxycarbonyl-methoxy)
calîx[4]arene^^^
Silver trifluoroacetate (3.08g, 14mmol) was added to a stirred solution of calix[4]axene
25,26,27,28 tetra-methylacetate (2.0g, 2.8 mmol) 95 in CHCI3 (20ml). After 3 hrs of 
vigorous refluxing the mixture was cooled to 50®C and iodine (3.5g, 14mmol) was 
added. The mixture was stirred at 50°C for 24 hrs.
After cooling to RT the Agi was filtered off and the violet filtrate collected and 
bleached with 50 ml sodium metabisulphite solution (20% w/w). The organic extract 
was dried (Na2 S0 4 ), filtered and evaporated under reduced pressure. The residue was 
recrystallised from methanol to give the calix[4]arene 99 (2g, 60%) as off-white 
cubes; mp- 207-210 (dec.); Vmm, (Nujol)/om‘‘ 1758 (C=0), 1180 (C-O); 5 h ( 2 7 0  MHz; 
CDCI3) 7.03 (8 H, s, Ar-H), 4.72 (4H, d, J 12.5, CHaHbAi'), 4.65 (8 H, s, CH2 O), 3.68 
(12H, s, CH3 O) 3.14 (4H, d, J 12.5, C H a H b A t ) ;  5 c  (CDCI3) 169.1,162.9,137.1,
137.2,136.8, 75.5,53.4, 31.2 m/z (El) 1216 PvH-]; (Found; C, 38.3; H, 3.18%. 
C40H3 6O12I4  • IH2O requiies C, 38.92 ; H, 3.10%.
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100b
5,ll>17>23-Tetralds[(E)-2-(methoxycarbonyl)ethenyl]-25,26,27,28-
tetrabutosycalix[4]areiie
Triethylamine (0.8ml, 0.53g, 5.22mmol) and methyl acrylate (0.69ml, 0.6g,
6.96mmol) was added to a stirred solution of 5,11,17,23 tetraiodocalixarem
25,26,27,28 tetra-n-butylether (0.9g, 0.79mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.02g, 0.087mmol) and l,3-bis(l,3- 
bis(diphenylphosphinopropane)) (0.036g, 0.087mmol) were added and the mixture 
heated to 90°C and stirred for 24 hrs.
After addition of 50ml dichloromethane the mixture was washed with HCl (3x20ml 
3M). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (SiOz) under reduced pressure 
for 1 2  hrs and recrystallised firom methanol to give the calix[4]arene 1 0 0 b (0.70g, 
82%) as off-white cubes; mp- 238-240°C; Vmox (Nujol)/cm'^  1732 (0=0), 1620 (C=C); 
0 h ( 2 7 0  MHz; CDCI3) 7.32 (4H, d, J 16.2, Ar-CH=), 6.79 (8 H, s, Ar-H), 6.07 (4H, d, J 
16.2, CH-C=0), 4.41 (4H, d, J 13.5, C&HBAr), 3,90 (8 H, t, J 7.4, CH2 O), 3.75 (12H, 
s, CH3O), 3.16 (4H, d, J 13.5, CHA%Ar), 1.85 (8 H, m, Cj^CHzO), 1.42 (8 H, m, 
C^CH a), 1.00 (12H, t, J 8.3, Cf^CHz); ôc (CDCI3) 168.1,144.9,135.8,129.5,129.3,
129.0,116.2,75.5,53.4, 33.9, 32.2,19.3,14.0; m/2 (El) 985 [M+]; Found; C, 73.87;
H, 7.09%. C60H72O12 requires C, 73.15; H, 7.37%.
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100c
5,ll>17-Tris[(E)-2-(methoxycarbonyl)ethenyl]-23-iodo-25,26,27,28-
tetrabutoxycalix[4]areiie
Triethylamine (0.8 ml, 0.53 g, 5.22 mmol) and methyl acrylate 8 a (0.69 ml, 0.6 g, 6.96 
mmol) were added to a stirred solution of 5,11,17,23-tetraiodo-25,26,27,28- 
tetrabutoxycalixarene 98 (0.9 g, 0.79 mmol) in DMF (20 ml). After 10 minutes of 
vigorous stiiTing at 25 °C palladium acetate (0.02 g, 0.087 mmol) and 
l,3-bis(diphenylphospMno)propane (0.036 g, 0.087 mmol) were added and the 
mixture heated to 70 °C and stirred for 48 h. After addition of 50 ml dichloromethane 
the mixture was washed with HCl (3 x 20 ml, 3 M). The organic extract was dried 
(Na2 SÛ4 ) and evaporated under reduced pressure. The oily brown residue was partially 
separated using column chromatography (4 : 1 hexane-ethyl acetate) to give a mixture 
of 100b (89%) and the (j^^^-tricoupled equivalent 100c (11%) as off-white 
cubes; 5h(270 MHz; CDCI3) 7.40 (2H, d, J 16.2 Ar-CH-), 7.35 (IH, d, J 16.2, Ar- 
CH=), 6.94 (2H, s, Ar-H), 6.87 (2H, s, Ar-H), 6.78 (2H, s, Ar-H), 6.74 (2H, s, Ar-H),
6.15 (2H, d, J 16.5, CH-C=0), 6.06 (ÏH, d, J 16.5, CH-C=0), 4.44 (2 H, d,
J 13.4, CffAHsAr), 4.38 (2H, d, J 13.4, CHaCBbAt), 3.9 (8 H, t, J 7.4, CH2 O), 3.75 
(12H, s, CH3O), 3.16 (2H, d, J 13.4, CHaCHbAt), 3.09 (2H, d, J 13.4, CHaHbAt),
1.85 (8 H, m, CH2 CH2 O), 1.42 (8 H, m, CH2 CH3), 1.00 (12H, t, J 8.3,
C%CH2); raJz (LSIMS) 1026.4 [M+].
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101b
5,ll»l'7,23-Tetralds[(E)-2"(ethoxycarbonyl)etheiiyl]-25,26,27,28-
tetrabutoxycalix[4]arene
Triethylamine (0.7ml, 0.47g, 4.68mmol) and ethyl acrylate (0.67ml, 0.62g, 6.24mmol) 
was added to a stirred solution of 5,11,17,23 tetraiodocalixarene 25,26,27,2B tetra-n- 
butylether (0.9g,0.79mmo%) 98 in DMF (20ml). After 10 minutes vigorous stirring at 
25°C palladium acetate (0.018g, 0.078mmol) and l,3-bis(diphenylphospliinopropane) 
(0.032g, 0.078mmol) were added, and the mixture heated to 90°C and stirred for 48 
hrs.
After addition of 50ml dichloromethane the mixture was washed with HCl (3x20ml 
3M HCl), The organic extract was dried (NaaS0 4 ), filtered, filtered and evaporated 
under reduced pressure. The residue was further dried in a desiccator (SiOz) under 
reduced pressure for 1 2  hrs and recrystallised firom methanol to give the calix[4]arene 
101b (0.41g, 50%) as off-white cubes; mp- 168-171 °C; v^ax (Nujol)/cm"  ^1732 (C=0), 
1620 (C=C); 0h(270 MHz; CDCI3 ) 7.28 (4H, d, J 16.2, Ar-CH-), 6.79 (8 H, s, Ar-H), 
6.07 (4H, d, J 16.2, CH-C=0), 4.41 (4H, d, J 13.5, CT^^HpAr), 4.19 (8 H, q, J 6.3, 
OCiTzCHs) 3.9 (8 H, t, J 7.1, CH2 O), 3.16 (4H, d, J 13.5, CHaHbAt), 1.90 (8 H, m, 
CH2 CH2 O), 1.50-1.19 (20H, m, CH2 CH3  & OCH2 CH3 ), 1.00 (12H, t, J 8.3, CH3 CH2); 
8 c (CDCI3 ) 167.0, 144.9,135.4, 129.4, 128.9, 128.8,117.2, 75.5, 60.5, 33.9, 32.2,
19.3,14.0,13.9; m/2  (El) 1041 [M+]; Found; C, 73.50; H, 7.74%. C6 4H8 0O1 2 requires 
C, 73.82; H, 7.74%.
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1 0 1 c
5,11,17-Tris [(E)-2-(ethoxycarbonyl)ethenyl]-23-iodo-25,26,27,28- 
tetrabatoxycalix[4]arene
Triethylamine (0.7 ml, 0.47 g, 4.68 mmol) and ethyl acrylate (0.67 ml, 0.62 g, 6.24 
mmol) were added to a stirred solution of 5,ll,17,23-tetraiodo-25,26,27,28- 
tetrabutoxycalixarene 98 (0.9g, 0.79 mmol) in DMF (20 ml). After 10 minutes of 
vigorous stirring at 25 ®C palladium acetate (0.018 g, 0.078 mmol) and 1,3- 
bis(diphenylphosphino)propane (0.032 g, 0.078 mmol) were added and the mixture 
heated to 70 and stirred for 48 h. After addition of 50 ml dichloromethane the 
mixture was washed with acid (3 x 20ml, 3 M HCl). The organic extract was dried 
(Na2 S04 ) and evaporated under reduced pressure.
The ody brown residue was partially separated using column chromatography (4 : 1 
hexane-ethyl acetate) to give a mixture of calix[4]arene 101b (15%) and the (E,E,E)- 
tricoupled equivalent (85%) as off-white cubes 101c; ôh (270 MHz) 7.47 (2H, d, J
16.5, Ar-CH=), 7.39 (IH, d, J 16.2, Ar-CH=), 6.98 (2H, s, Ar-H), 6.93 (2H, s, Ar-H), 
6.75 (2H, s, Ar-H), 6.70 (2H, s, Ar-H), 6.18 (2H, d, J 16.2, CH-C-0), 6.06 (IH, d, J
16.5, CH-C=0), 4.44 (2H, d, J 13.1, CT^Hg Ar), 4.38 (2H, d, J 13.5, Ar), 4.19
(6 H, m, OCF2 CH3 ), 3.90 (8 H, m, CH2 O), 3.19 (2 H, d, J 13.5, CHA&Ar), 3.09 (2H, 
d, J 13.1, CHA%Ar), 1.85 (17H, m, C^CHzO and OCVkCHi ), 1.42 (8 H, m, C%
CH3 ), 1.00 (12H, t, J 8.3, CT^CHz); mJz (LSIMS) 1069.4 [M+] 1040.2 [M-OEt].
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1 0 2 b
5,1147,23-T etrahis [(E)-2-(tert‘-butoxycarbonyl)etheiiyI]-25,26,27,28- 
tetrabutoxycalix[4]arene
Triethylamine (0.8ml, 0.53g, 5.22mmol) and t-butyl acrylate (1.2ml, 0.89g, 6.96mmol) 
was added to a stirred solution of 5,11,17,23 tetraiodocalixarene 25,26,27,28 tetra-n- 
hutylether (0.9g,0.79mmol) 98 in DMF (20ml). After 10 minutes vigorous stirring at 
25°C palladium acetate (0.02g, 0.087mmol) and l,3-bis(diphenylphosphinopropane) 
(0.036g, 0.087mmol) were added and the mixture heated to 90®C and stirred for 48 
hrs.
After' addition of 50ml dichloromethane the mixture was washed with HCl (3x20ml 
3M HCl). The organic extract was dried (NazS0 4 ), filtered, filtered and evaporated 
under reduced pressure. The residue was further dried in a desiccator (SiOi) under 
reduced pressure for 1 2  hrs and recrystallised from methanol to give the calix[4]arene 
102b (0.61g, 55%) as o ff white cubes; mp- 151-154°C; (Nujol)/cm‘^  1732 (C=0), 
1620 (D C ); 0h(270 MHz; CDCI3) 7.30 (4H, d, J 16.2, Ar-CH=), 6.82 (8 H, s, Ar-H), 
6.03 (4H, d, J 16.2, CH-C=0), 4.41 (4H, d, J 13.5, CHAHnAr), 3.9 (8 H, t, J 7.4,
CH2O), 3.16 (4H, d, J 13.5, CHaT^At), 1.90 (8 H, m, CH2CH2O), 1.59-1.20 (8 H, m, 
C/72CH3), 1.26 (36H, s, (CHslsC), 1.00 ( 1 2 H, t, J 8.3, CJT3CH2); ôc (CDCI3) 164.1,
143.9,135.8,132.5,129.3,129.0,118.2,79.6, 75.5, 33.9, 32.2,28.4,19.3,14.0; m/z 
(El) 1153 [M+]; Found; C, 74.00; H, 8.71%. C72H96O12 - I/2 H2O requires C, 74.39; H, 
8.41%.
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103b
5,1147,23-Teti’akis[(E)-3-oxobut-l-enyl]-25,26,27,28-tetra-butoxycalix[
4]areuLe
Triethylamine (0.8ml, 0.53g, 5.22mmol) and methylvinylketone (0.59ml, 0.5g, 
6 ,8 8 mmol) was added to a stirred solution of 5,11,17,23 tetraiodocalixarem
25,26,27,28 tetra-n-hutylether (l.Og, 0.89mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.02g, 0.087mmol) and 1,3- 
bis(diphenylphosphinopropane) (0,036g, 0.087mmol) were added and the mixture 
heated to 90°C and stirred for 24 hrs.
After addition of 50ml dichloromethane the mixture was washed with HCl (3x20ml 
3M HCl). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under 
reduced pressure. The residue was further dried in a desiccator (Si0 2 ) under reduced 
pressure for 1 2  hrs and recrystallised firom methanol to give the calix[4]arem 103b 
(0.4g, 82%) as off-white cubes; mp- 195-197°C; v^ax (Nujol)/cm"  ^1720 (C=0), 1620 
(C=C); 5h(270 MHz; CDCI3) 7.20 (4H, d, J 16.2, Ar-CH=), 6.79 (8 H, s, Ar-H), 6.28 
(4H, d, J 16.2, CH-OO), 4.41 (4H, d, J 13.5, CHaB.bAt), 3.79 (8 H, t, J 7.4, CH2 O),
3.16 (4H, d, J 13.1, CHaT b^Ai-), 2.21 (12H, s, CH3 CO) 1.85 (8 H, m, CHiCUjO), 1.39 
(8 H, m, CH2CH.3), 1.00 (12H, t, J 8.3, CH3 CH2 ); 6 c (CDCI3) 198.1,158.1,144.7,
136.1,129.1,128.9,126.5, 75.5, 33.9, 32.2,27.3 19.3,14.8; m/z (El) 921[M+]; Found; 
C, 78.94; H, 7.81%. C6 0H7 2O8 requires C, 78.23; H 7.88%
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5,ll,l'7,23-Tetra-t-butylcaIix[4]arene 25,26«27-tris-'methauesulphonate'-28'-ol58
5,1 l,17,23*Tetra-t-butylCalix[4]arene 25,26,27,28 tetrol (0.5g, 0.77mmol) 1  was 
slowly added to a stirred suspension of sodium hydride* (0.18g, 4.62 mmol) in DMF 
(20ml). After BOmitis of vigorous stining at 40°C the mixture was cooled to 0°C and 
methanesulphonic anhydride (1.60g, 6.16mmol) was added. The mixture was stirred 
at 60°C for 24 hrs.
After cooling the mixture to RT 50ml of CH2 CI2  was added, the organic layer washed 
with 3M HCl (2x25ml) and saturated NaHCOa solution (2x50ml). The organic phase 
was extracted and dried, the solvent removed under vacuum and the yellow residue 
purified via column chromatography (SiOz, EtOAc/hexane 1:1) to give the 
calix[4]at'ene 104 (0.45g, 57%) as off-white cubes; mp-240-243 °C; Vmax (Nujol)/cm'^ ; 
3584 (Ar-OH), 1674,1352 (0=S=0), 1462,1375 ((CH3)3 C), 1189, 1157 (C-O), 966 
(C-S); 5h(270 MHz; CDCI3) 7.30 (2H, s, Ar-H), 7.24 (2H, s, Ar-H), 6.97 (2H, d, J 2.3, 
Ar-H), 6.60 (2H, d, J 2.3, Ar-H), 4.73 (2H, d, J 18.4, C^H sA r), 4.32 (2H, d, J 18.4, 
C^HBAr), 3.71 (2H, d, J 18.4, CHa^bAt), 3.25 (2H, d, J 18.4, CHa^bAt), 3.17 (6 H, 
s, S-CH3), 2.98 (3H, s, S-CHs), 135 (9H, s, C(CH3)3), 1.30 (9H, s, C(CHs)3), 1.24 
(9H, s, C(CH3)3), 1.03 (9H, s, C(CH3)3); 5c (CDCI3) 151.1,150.1,142.3,141.5,136.2,
134.6,132.6,128.9,128.5,128.0,39.6,38.0, 34.5,33.1,32.9,32.8,32.7; m/z (El) 883 
[M+]; Found; C, 62.64; H, 7.33%. C4 7H6 2O1 0S3 - IH2 O requires C, 62.64; H, 7.16%. 
*As 60% Mineral oil dispersion, oil removed by washing with Petroleum ether 40- 
60°C.
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105
58Calix[4]arene 25,26,27,28 tris-methanesulphonate
Calix[4]arene 25,26,27,28 tetrol (0.5g, 0.77mmol) 93 was slowly added to a stirred 
suspension of sodium hydride* (0.18g, 4.62 mmol) in DMF (20ml). After 30mins of 
vigorous stirring at 40°C the mixture was cooled to 0°C and methanesulphonic 
anhydride (1.60g, 6.16mmol) was added. The mixture was stirred at 60°C for 24 hrs. 
After cooling to RT 50ml CH2CI2  was added to the mixture, which was washed with 
3M HCl (2x25ml) and saturated NaHCOs solution (2x50ml). The organic phase was 
extracted and dried, Solvent removed under vacuum and the yellow residue was 
purified via column chromatography (SiOi, EtOAc/hexane 1:1) to give the 
calix[4]arene 105 (0.37g, 35%) as off-white cubes; mp->300 °C; Vmax (Nujol)/cm"^; 
3584. (Ar-OH), 1668,1352 (0=8=0), 1186,1127,1083 (C-O), 974 (C-S); bn (270 
MHz; CDCI3) 7.28 (6 H, m, Ar-H), 6.75 (6 H, m, Ar-H), 4.73 (2H, d, J 19.5, 
C H a H b A t) , 4.32 (2H, d, J 19.5, C H a H b A t) , 3.66 (2H, d, J 19.5, C H a H b A i) , 3.41 (2H, 
d, J 19.5, C H a H b A t) , 3.39 (6 H, s, SO2 -CH3), 3.31 (3H, s, SO2 -CH3); 8 c (CDCI3)
152.1,149.9,142.3,141.5,128.9,128.5,128.0, 34.6, 33.2, 33.0; m/z (El) 659 [M+]; 
(Found; C, 55.7; H, 4.55%. C3 1H3 0O10S3 requires C, 56.52; H, 4.59%.
* As 60% Mineral oil dispersion, oil removed by washing with Petroleum ether 40- 
60*^0 .
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Coumaric acid ethyl ester^ ^^
n-BuLi (1.6ml, 2.5M, 44.04mmol) was added to a solution of hexamethyldisilazine 
(10ml, 7.4g, 46.00mmol) in THF (200ml) at —78“C and stirred for lOmins. Ethyl 
acetate (3.55g, 40.37mmol) was slowly added over 30mins. After SOmins of stitxing at 
-78°C, 4-methoxy benzaldehyde (5g, 36.7mmol) was added and the mixture stirred for 
a further 30mins at -78°C. The system was quenched with a saturated solution of 
NH4 CI (100ml). The solute was filtered and the organic component extracted with 
diethyl ether 3x50ml. After drying over sodium sulphate the solvent was filtered and 
then removed under reduced pressure. The residue was warmed (60°C) in excess of 
HCl/ethyl acetate for 12 hrs. The mixture was quenched in water and the organic 
component was extracted using DCM. The solvent was removed under reduced 
pressure to give ethyl 4-methoxycinnamate 108 (42%) as a colourless white oil,
0h(270 MHz; CDCI3); 7.65 (IH, d, J 15.8 Ax-CH=CH), 7.43 (2H, d, J 9.1 Ar-H), 6.84 
(2H, d, J 9.1, Ar-H), 6.31 (IH, d, J 15.8, Ar-CH=CH), 4.24 (2H, q, J 8.2, CH2 CH3), 
3.78 (3H, s,CH3 0  ), 1.32 (3H, t, J 8.2, CH3CH2 ); m/z (El) 206 [M+],
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112
119Ethyl (3i?iS)-3-(4-methoxyphenyl)-3-beiizylthiopropioiiate
Benzylmercaptan (0,17ml, 0.18g, L45mmol) was slowly added to a stirred, cooled 
(0°C) solution of sodium methoxide (0.04g, 1.16mmol) in methanol (40ml) and stirred 
for Ihr.
4-methoxyphenyl propionic acid ethyl ester 108 (0.2g, 0.97mmol) was added and the 
mixture stirred for a further 12 hrs, After 12 hrs the solvent was removed under 
reduced pressure (Caution: benzylmercaptan stench). Water (50ml) was added to the 
residue and the organic component extracted with DCM (3x40ml). The organic 
extracts were combined and dried over sodium sulphate. The solvent removed under 
reduced pressure. Recrystalisation ftom methanol gave Ethyl (3J?jS)-3-(4- 
methoxyphenyl)-3-benzylthiopropionate 112 (70%) as off white cubes; ôh(270 MHz; 
CDCI3); 7.37 (7H, m, Ar-H), 6.80 (2 H, d, J 9.1 Ar-H), 4.12 (IH, m, SCHCHaCHb),
4.01 (2H, q, J 9.2, C^CHg), 3.78 (3H, s, CH3 O), 3.62 (2H, s, SCH2) 3.55 (IH, m, 
SCHCTTaCHb) 2,83 (IH, m, SCHCHaCHb) 1 . 1 2  (3H, t, J 8 .2 , C^CHz); m/z (El) 330 
[M+].
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119Ethyl (3j^-3<‘(4-methoxyphenyl)-3-diethylaminopropionate
To a solution of diethylamine (0.50ml, 4.85mmol) in THF (40ml) was slowly added n- 
butyllithium (2.5M) (1.94ml, 4.85mmol) a t—78*^ 0. After SOmins of stirring 4- 
methoxyphenylpropionic ethyl ester 108 (0.2g, 0.97mmol) was added and the mixture 
stiiTed for a further 2 hrs at -78°C. The reaction was quenched with a saturated 
solution of NH4CI (100ml). The organic component was extracted with diethyl ether 
(3x50ml). The combined organic extracts were washed with saturated NaCl solution, 
dried over Na2 SÛ4 , filtered and the solvent removed under reduced pressure. The 
residue was recrystallised firom methanol to give racemic ( 17Ù9)-1 -(diethylammo) - 1  - 
(4-Methoxyphenyl) ethylpropionate 113 (80%) as off white crystals, ôh(270 MHz; 
CDCI3); 7.12 (2H, d, J 8 .6 , Ar-H), 6.76 (2 H, d, J 8 .6 , Ar-H), 4.17 (IH, t, J 7.7, 
NCTTCHaCHb), 3.97 (2 H, q , J 4.0, OCH2), 3.70 (3H, s, OCH3), 2.84 (IH, dd, J 7.2, 
NCHCHaCHb ), 2.57 (IH, dd, J 7.2, NCHCHaCHb) 2.48 (2 H, m, NCF^CHb) 2 , 2 2  
(2H, m, I^CUaCHb) 1.08 (3H, t, 7.1, CKiCHi) 0.98 (6 H, m, CH2 CH3); m/z (El) 279 
[M + l
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5.17, -DimethoxyacryIoyl-11,23-dimethoxy 
dibenzylthioacryloylcalix[4]arene 25,26,27,28 tetra-n-butylether
Benzylmercaptan (0.1.47ml, 0.16g, 1.25mmol) was slowly added to a stirred solution 
of sodium methoxide (0.085g, 1.56mmol) in methanol (30ml) and stirred for Ihr. 
5,ll,17,23"Tetramethoxyacryloylcalix[4]arene 25,26,27,28 tetra-n~butylether 100b 
(0.3g, 0.3 Immol) was then added and the mixture stirred for a further 72 hrs. After 12 
hrs an additional excess of benzylmercaptan (1.47ml, 1.55g, 1.25mmol) was added. 
The solvent was evaporated under reduced pressure (Caution: benzylmercaptan 
stench), the residue was washed with water and extracted using DCM (3x40ml). This 
was then dried over sodium sulphate and the solvent removed under reduced pressure. 
Recrystalisation from methanol gave cmde
5.17, -dimethoxyacryloyl-11,23-dimethoxy dibenzylthioacryloylcalix[4]arene
25,26,27,28 tetra-n-butylether 116 (10%) as ojff white cubes; ôh(270 MHz; CDCI3); 
7.41-7.09 (16H, m, Ar-H, Ai-C#=CH), 6.25 (4H, m, Ar-H), 5.77 (2H, d, J 15.8, Ar- 
CH=C^ 4.39 (4H, d, J 13.2, At-CHaCHb), 4.21 (2H, m, SCM^HaCHb), 3.52 (12H, s, 
CH3 O), 3.59-3.47 (14H, m, SCHC/7aCHb, SCHsAr, OCH2) 3.23 (4H, d, J 13.2, Ar- 
CHaCHb) 2.97 (2H, m, SCHCHaCHb) 1.85 (8H, m, CH2 CH2 O), 1.42 (8H, m, 
CH2 CH3), 1.00 (12H, t, J 8.3, C ^CH i)
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5,ll,17,23-Tetrakis[(E)-hydroxyaIlyl}-25,26,27,28-tetrabutoxycaIix[4]arene
The methyl acrylate calix[4]arene derivative 100b (0.5g, 0.52mmol) was dissolved in 
diethyl ether (100ml) and treated at 0“C with Lithium aluminium hydride (0.158g, 
4.16mmol). After 1 hr of vigorous stirring at O'C the reaction was quenched by the 
slow addition of iced water (20ml). 50ml of diethyl ether was added and the organic 
extract was dried (Na2 S0 4 ), filtered and evaporated under reduced pressure. The 
residue was purified using column chromatography (2 0 :1 0 :1 0 : 1  
EtOAc/DCM/hexane/methanol) to give the calixarene 122 (0.04g, 5%); mp-74-76 ®C; 
Vnaa* (Nujol)/cm-‘ 3355 (O-H), 1652 (C=C); 5h(270 MHz; CDCI3) 6.58 (8 H, s, Ar-H), 
6.29 (4H, d, J 13.9, Ai--CH=), 6.01 (4H, dt, J 13.9, J 7.2, CH=Ci?-), 4.41 (4H, d, J
13.4, CHaHbAt), 4.25 (8 H, d, J 7.2, CH2 OH), 3.9 (8 H, t, J 6.4, CH2O), 3.09 (4H, d, J
13.4, C H a H b A t) ,  1.90 (8 H, m, CH2 CH2 O), 1.7- 1.6 (4H, s(broad), OH), 1.50-1.30 
(8 H, m, OCH2CH2 CH2), 1.00 (12H, t, J 8.3, CH3CH2); 5c (CDCI3) 159.2,137.0, 
135.4,131.7,126.6,126.4,75.2,64.1,32.4,31.3,19.8,14.3; m/z (El) 873 [M+H]. 
Foimd C, 75.80; H, 8.29%, C56H7 2O8 ■ H2 O requires C, 75.47; H, 8.37%.
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123
5,ll,17-Tris[(E)-hydroxyaUy]-23-inono[(E)-2-methoxycarbonyl]-ethenyll*
25,26^7,28-tetrabutoxycalis[4]areue
Under the reaction conditions above (1 2 2 ) the calixarene 123 was obtained after 
column chromatography (0.08g, 10%) as white cubes mp- 68-70°C; vmm (Nujol)/cm‘' 
3391 (O-H), 1752 (C=0), 1620 (0=0); Sh(270 MHz; ODOI3 ) 7.32 (IH, d, J 15.1 Ar- 
0H=0H-0=O), 6.80 (2H. s Ar-H), 6.79 (2H. s, Ar-H), 6.62 (2H, s, Ar-H), 6.51 (2H, s, 
Ar-H), 6.45 (3H, d, J 133, Ar-OH=), 6.15 (3H, d, J 13.3Ar-OH=CH), 6.0 (IH, d, J 
15.1,0H=CH-0=0), 4.41-4.35 (4H, m, CHAHaAr), 4.21 (4H, d, J 7.2, OH2 OH), 3.91- 
3.82 (8 H, m, CH2 O), 3.76 (3H, s, OCH3), 3.09 (4H, m, CH aH bA t), 1.90 (8 H, m, 
OH2 OH2 O), 1.70- 1.60 (3H, s (broad), OH), 1.50-1.30 (8 H, m, OCH2 OH2 OH2), 1.00 
(12H, t, J 8.3, OH3 CH2 ); Sc (ODOI3 ) 164.8, 158.2, 145.3,135.2, 131.3, 130,8,128.2,
128.2,126.9,126.5,126.4,126.0,121.9,74.9,63.9,50.1,32.4,31.1,19.4,14.1; m/z 
(El) 901 [M+]. Found 0, 75.05; H, 8.09% C5 7H7 2O9  ■ % H2O requires O, 7 5 .2 2 ; H, 
8.08%.
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125
5,ll,17,23-Tetrabromocalix[4]arene 25,26,27,28 tetrabutylether.29
Bromine (0.40ml, 1.23g, 7.71mmol) in acetic acid (30ml) was slowly added to a 
stirred, cooled (0®€) suspension of calix[4]arene 25,26,27,28 tetra-butylether 95 
(l.OOg, 1.54mmol ) in acetic acid (1 0 ml). After 24 his of vigorous stirring, during 
which time the mixture was allowed to warm to RT. 100ml H2 O and 100ml DCM was 
added to the reaction mixture and the organic phase separated, washed and filtered, 
and extracted with DCM/water. The solvent yvas removed under reduced pressure 
taking with it excess bromine. The residue was recrystallised from methanol to give 
the calix[4]arene 125 (67%) as off-white cubes; 0h(270 MHz; CDCI3) 6.93 (8 H, s, Ar- 
H), 4.31 (4H, d, J 12.7, CHaHrAt), 3.78 (8 H, t, J 6.3, CH2 O), 3.16 (4H, d, J 12.7, 
CHA%Ar), 1.85 (8 H, m, CT^CHzO), 1.45-1.30 (8 H, m, C^CHg ), 1.00 (12H, t, J 6.0, 
CH3CH2); m/z (El) 960,962,964,966,968 [M+].
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129
5,11,17,23-Tetra t^butylcalix[4]arene 25,27 dioxyacetonitrile 26,28 diol 29
p-ter^Butylcalix[4]arene 1 (Ig, 1.54mmol) was slowly added to a stirred warmed 
(40°C) suspension of sodium hydride (0.49g, 12.2mmol) in DMF (20ml). After 
20mins of stirring at 60°C, bromoacetonitrile (0.64ml, 1.099g, 9mmol) was added and 
the mixture stirred for a further 24 hrs at 60°C. The mixture was cooled and 100ml 
water was added. The organic component was extracted using DCM (2x50ml). The 
solvent was removed under reduced pressure. The residue was recrystallised from 
methanol to give the calix[4Jarene 129 (40%) as light brown; 6h(500 MHz; CDCI3); 
7.12 (4H, s, Ar-H), 6.73 (4H, s, Ar-H), 5.55 (2H, s, Ar-OH), 4.78 (4H, s, CH2CN), 
4.22 (4H, d, J 13.4, C^HgAr), 3.43 (4H, d, J 13.4, CHa^bAt), 1.34(18H, d, (CH3)3 C 
), 0.87 (18H, d,(CH3)3 C); m/z (LSIMS) 726 [M+]; Found; C, 76.47; H, 7.82; N, 
5.57%. C4 8 H5 8O4N2  • I.5 H2O requires C, 76.46; H, 8.15; N, 3.72%. 
nb: Peaks corresponding to tri and tetrasubstituted species were also observed.
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5,lljl7^3-Tetrakis[(E)-2-(p-t‘^ r/-butylphenoxycarboiiyl)etheiiyl]-25,26,27,28- 
tetrabutoxycalis[4] arene
Triethylamine (0.081ml, 0.54g, 0.54mmol) and p-tert-butylphenyl acrylate (0.54mmol, 
0.1 Ig) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene 25,26,27,28 
tetra-n-hutylether (O.lg, 0.09imnol) 98 in DMF (20ml), After 10 minutes vigorous 
stirring at 25°C palladium acetate (0.002g, 0.009mmol) and 1,3- 
bis(diphenylphosphinopropane) (0.009g, 0.009mmol) were added and the mixture 
heated to 90°C and stirred for 24 brs. After addition of 50ml diethyl ether the mixture 
was washed with HCl (3x20ml 3M HCl). The organic extract was dried (Na2 S0 4 ), 
filtered and evaporated under reduced pressure. The residue was further dried in a 
desiccator (SiOg) under reduced pressure for 1 2  hrs and recrystallised from methanol 
to give the calix[4]arene 131a (0.089g, 6 8 %) as off-white cubes; mp- 144-147 °C; 
Vmm (Nujoiycm'" 1732 (C=0), 1620 (C=C); 8h(270 M H z; CDClj) 7.58 (4H, d, J 16.0, 
Ar-CH=),7.29 (8 H, d, J 8.7, Ar-H), 7.01 (8 H, d, J 8.7, Ai-H), 6.92 (8 H, s, Ar- 
H(calix)), 6.32 (4H, d, J 16.0, CH-C=0), 4.41 (4H, d, J 13.4, CHaHbAc), 3.9 (8 H, t, J
6.4, CH2O), 3.19 (4H, d, J 13.4, CHA%Ar), 1.90 (8 H, m, C% C% 0), 1.50- 1.35 (8 H, 
m, OCHîCHaCife), 1.23 (36H, s, C(CH3 >3) 1.00 (1 2 H, t, J 8.3, CH3 CH2); 8 . (CDCI3) 
164.8,158.2,149.4,143.2,142.2,126.6,125.8,125.5,123.4 121.8,121.4, 116.1, 72.4,
32.3,31.4,31.0,19.3,14.1; m/z (El) 1458 [M+]. Found C, 75.49; H, 7.61%
C9 6H11 2O12 • 4 H2 O requires C, 75.36; H, 7.91%,
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131b
5,11,17,23-Tetrakis[(E)-2-(4-methoxyphenoxyearbonyl)ethenyl]-25,26,27,28- 
tet: abatoay calix[4] arene
Triethylamine (0.240ml, 0.152g, 1.54mmol) and 4-methoxyphenyl acrylate (0.290g, 
1.52mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.3g, 0.27mmol) 98 in DMF (40ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.027mmol) and 1,3- 
bis(diphenylphosphinopropane) (0.027g, 0.027mmol) were added and the mixture 
heated to 90°C and stirred for 48 hrs. After addition of 100ml diethyl ether the mixture 
was washed with HCl (3x20ml 3M HCl). The organic extinct was dried (NazS0 4 ), 
filtered and evaporated under reduced pressure. The residue was further dried in a 
desiccator (Si0 2 ) under reduced pressure for 1 2  hrs and recrystallised from methanol 
to give the calix[4]arene 131b (0.18g, 50%) as off-white cubes; mp-160-162 °C; Vma& 
(Nujol)/cm-‘ 1732 (C=0), 1620 (C=C); Sh(270 MHz; CDCls) 7.58 (4H, d, J 16.00, Ar- 
CH=), 7.00 (8 H, d, J 9.0 Ar-H), 7.85 (8 H, s, Ar-H), 6.78 (8 H, d, J 9.0, Ar-H), 6.28 
(4H, d, J 16.00, Ar-CH=CH-00), 4.43 (4H, d, J 13.4, CTTAHgAr), 3.93 (8 H, t, J 6.4, 
CH2 O), 3.76 (12H, s, CH3 O), 3.19 (4H, d, J 13.4, CHAHgAr), 1.90 (8 H, m,
CIÏ2 CH2 O), 1.50-1.40 (8 H, m, OCHCH2 CH2  ), 1.00 (12H, t, J 8.3, C%CH2); So (* - 
DMSO) 165.4,158.8,156.81,144.0,135.1,129.0,128.1,122.8,122.6,116.8,116.4,
74.7,55.3,36.8,32.1, 18.7,14.1; m/z (El) 1354 [M+]. Found C, 72.65; H, 6 .8 8 % 
C84H8 8O16 - I.5 H2 O requires C, 73.08; H, 6.64%.
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5,1147,23-Tetrakis[(E)-2-('pheiiôxycarbonyl)ethenyl]-25,26,27,28-
tetrabutoxycalix[4]arene
Triethylamine (0.24ml, 0.152g, 1.52mmol) and phenyl acrylate (0.23g, 1.52 mmol) 
were added to a stirred solution of 5,11,17,23 tetraiodocaUxarene 25,26,27,28 tetra-^ n- 
hutylether (0.3g, 0.27mmol) 98 in DMF (50ml). After 10 minutes vigorous stirring at 
25°C palladium acetate (0.006g, 0.024mmol) and l,3-bis(diphenylphosphinopropane) 
(0.027g, 0.027mmol) were added and the mixture heated to 90°C and stirred for 48 
hrs.
After addition of 100ml diethyl ether the mixture was washed with HCl (3x20ml 3M 
HCl). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (SiOa) under reduced pressure 
for 12 hrs and recrystallised firom methanol to give the calix[4]arene 131c (0.24g, 
73%) as white cubes; mp- 92-94°C; Vmax (Nujol)/cm”^ 1732 (C==0), 1634 (C=C); 
0h(270 MHz; CDCI3) 7.58 (4H, d, J 16.00, Ar-CH=), 7.28 (8 H, d, J 7.8 Ar-H), 7.21 * 
(4H, t, J 7.8 Ar-H), 7.11 (8 H, d, J 7.8 Ar-H), 6.93 (8 H, s, Ar-H), 6.32 (4H, d, J 16.00, 
Ar-CH=C/7-C=0), 4.43 (4H, d, J 13.4, (%HBAr), 3.93 (8 H, t, J 6.4, CH2 O), 3.19 
(4H, d, J 13.4, CH aH bA t), 1.90 (8 H, m, CH2CH2 O), 1.50-1.40 (8 H, m, OCHCH2 CH2), 
1.00 (12H, t, J 8.3, CH3 CH2 ); ÔC (CDCI3) 165.6,159.0,150.8,146.4,135.4,129.8,
129.2,129.0,125.9,122.1,115.7, 75.6,32.5, 31.3,19.5,14.2; m/z (El) 1232 [M+]. 
Found C, 77.65; H, 6.21% CgoHgoOn requires C, 77.90; H, 6.54%
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131e
5,1147,23-Tetrakis[(E)-2-(4-carboxyphenoxycarbonyl)ethenyl]-25,26,27,28-
tetrabutoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and 4-acryloyloxybenzaldehyde (0.276g, 
1.56mmol) were added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylpbosphinopropane) (0 . 0 1  Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stin-ed for 48 hrs. After addition of 50ml diethyl ether the mixture 
was washed with HCl (3x20ml 3M HCl). The organic extract was dried (Na2 S0 4 ), 
filtered and evaporated under reduced pressure. The residue was fiirther dried in a 
desiccator (Si0 2 ) under reduced pressure for 1 2  hrs purified via column 
chromatography (Si0 2 , DCM) give the caUx[4]arene 131e (O.lOlg, 32%) as cream 
shards m p-103-105°C; Vmqx (Nujol)/cm'^  1748 (C=0 (ester)), 1710 (C=0), 1615 
(D C ); 0h(270 MHz; CDCI3) 9.99 (4H, s, CHO), 7.79 (8 H, d, J 8 .6 , Ar-H 
(benzenaldehyde)), 7.62 (4H, d, J 15.9, Ar-CH=), 7.28 (8 H, d, J 8 .6 , Ar-H 
(benzenaldehyde)), 6.93 (8 H, s, Ar-H) 6.37 (4H, d, J 15.9, Ar-CHCi7-C=0), 4.50 
(4H, d, J 13.2, CffAHsAr), 3.97 (8 H, t, J 6.4, CH2 O), 3.19 (4H, d, J 13.2, CHaHbAt),
1.90 (8 H, m, CH2 CH2 O), i .50-1.35 (8 H, m, OCHCHgC^ ), 1.00 (12H, t, J 8.3, 
C/7 3CH2 ); 0c(CDCl3) 191.5,165.4, 156.1,147.2,142.3,136.0,131.7, 131.3,129.7,
128.8, 123.1,114.8, 75.6, 32.5,31.2,19.7,14.3; m/z (El) 1345{M+]. Found C, 68.97; 
H, 5.92% C84H8 0O1 6 ' 6 H2O requires € , 69.41; H, 6.38%.
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131e
5,ll?l'7,23-Tetrakis[(E)-2-(3-carboxyphenoxycarboiiyl)ethenyl]-25,26,27,28-
tetrab u toxyca lix [4]aren e
Trietbylamme (0.650ml, 0.320g, 3.12mmol) and 3-acryloylbenzaIdehyde (0.540g, 
3.12ramol) were added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.6g, O.SlOmmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.0120g, 0.052mmol) and 1,3- 
bis(diphenylphosphinopropane) (0.022g, 0.052mmol) were added and the mixture 
heated to 100°C and stirred for 36 hrs. After addition of 50ml diethyl ether the mixture 
was washed with HCl (3x20ml 3M HCl). The organic extract was dried (Na^SO^), 
filtered and evaporated under reduced pressure. The residue was hnther dried in a 
desiccator (SiOg) under reduced pressure for 12 hrs purified via column 
chromatography (SiOz, DCM) to give the calix[4]arene 131e (0.429g, 6 8 %) as cream 
shards; m p- 98-104 °C; (Nujol)/cm'‘ 1730 (0=0), 1720 (0=0), 1630 (C=C); 
0h(300 MHz; CDCI3) 9.81 (4H, s, CHO), 7.76 (4H, d, J 6.9, Ar-H), 7.61 (4H, s, Ar-H), 
7.78-7.75 (4H, m, Ar-CH=), 7.41-7.35 (8 H, m , Ar-H), 6.93 (8 H, s, Ar-H), 6.34 (4H, d, 
J 15.2, CH-CO), 4.51 (4H, d, J 14.0, C%.HBAr), 3.99 (8 H, q, J 6.9, OCH2 CH2), 3.26 
(4H, d, J 14.0, CH aH bAt), 1.91-1.90 (8 H, m , CH2 CH2 O), 1.48-1.41 (8 H, m, 
OCH2CH2 CH2), 1.00 (12H,t, J 8.3, CH3 CH2 ); 8 c(CDCl3) 191J2,165.4,151.4,147.3, 
137.7,135.6,129.9,129.9,128.7,128.5,128.1,126.6,123.3,114.6,75.6,32.5,31.3,
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19.5,14.2; in/z (LSIMS) 1368 [M+Na]; Found C 69.29; H 5.92% CgAoOig * 6 H2 O 
requires C, 69.41; H, 6.38%
General procedure for the preparation of acrylates (pages 61<&62)
ROH v - ,0
Cl RO
K2CO3 (0.89g, 6.45mmol) and the alcohol (6.40mmol) were stined in DCM 75ml for 
lOmins at RT. Acryloyl chloride (0.52ml) is slowly added with the temperature being 
maintained at RT. The reaction is monitored via tic. Upon completion the reaction was 
quenched with water 200ml and the organic component extracted with DCM 
(3x50ml). The combined organic extracts were washed with HCl (3x20ml 3M), water 
(2x50ml) NaOH (3x30ml, 2M) and again with water (2x50mI)The organic extract was 
dried (Ka2 S0 4 ), filtered and evaporated under reduced pressure. Solid acrylates could 
be recrystallised from methanol/diethyl ether and aH acrylates were stored below 0°C 
or used immediately.
All acrylates were synthesised using the above process. Reaction was followed by ^H- 
NMR.
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130f
3-FormylpUenyl acrylate123b
Deep yellow oil (81%) 0h(300 MHz; CDCI3) 9.97 (IH, s. He) 7.77 (IH, d, J 7.5, Ha), 
7.67 (IH, s, Hd), 7.57 (IH, t, J 7.9, %), 7.40 (IH, d, J 7.9, Hq), 6.63 (IH, t, J 17.3, Hg), 
6.33 (IH, dd, J 17.3,10.4 Hf), 6.07 (IH, d, J 10.4, Hi).
HaJ"
H / ^ O
Hb^ ^Hb
Hr He
^0
Hd Hf
He
130b
4-Methoxyphenyl acrylate123b
Yellow oil (55%) 0h(270 MHz; CDCI3) 7.77 (2H, d, J 9.6, He), 6.90 (2H, d, J 9.6, Ht), 
6.58 (IH, d, J 17.5, Hd), 6,34 (IH, dd, J 17.5, 10.5, Hf), 5.97 (IH, d, J 10.5, He), 3.79 
(3H, S,He).
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General procedure for the preparation of aerylamides (page 65)
o
:0
HNRa/HaNR M
Cl OR
= > 0
RHN
EtaN (8.23ml) and the amine (27mmol) were stirred in DCM 75ml for lOmins at RT. 
Acryloyl chloride (2.66ml) is very slowly added with the temperature being 
maintained at RT. The reaction is monitored via tic or NMR. Upon completion the 
reaction is quenched with iced water 200ml and the organic component extracted with 
DCM (3x50ml). The combined organic extracts were washed with HCl (3x40ml 3M), 
water (2x50ml) NaOH (3x30ml, 2M) and again with water (2x50ml)The organic 
extract was dried (NsizS04% filtered and evaporated under reduced pressure. Solid 
acrylamides could be recrystallised firom hot methanol and all acrylamides were stored 
below 0°C or used immediately.
All acrylamides were synthesised using the above process. Reaction was followed by
‘h -n m r .
Chapter 4 1.Experimental Page 148
NK
148
Benzyl acrylamide125
Pale orange shards (78%) 5h(500 MHz; CDCI3) 7.32-7.24 (5H, m, Ha, Hç), 6.52 
(IH, s (broad), Hg) 6.28 (IH, dd, J 17.8,1.4 He), 7.40 (IH, dd, J 17.8, 10.3, Hd), 5.62 
(IH, dd, J 10.3,1.4, Hf), 4.46 (2H, d, J 5.6, %).
Hd
144
N,N-Diethylacrylamide125
Pale yellow oil (78%) 8^(270 M H z ;  C D C I3)  6.25 ( I H ,  dd, J 17.4,10.2 He), 7.40 ( I H ,  
d, J 17.4, He), 5.62 ( I H ,  d, J 10.2, H d ), 3.32 (4 H , q, J 5.8, % ), 1.10 (6H , t, J 5.8, Ha)
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■Cr
133
5,ll,17,23-Tetrakis[{E)-2-(L-menthoxycarboiiyl)ethenyI]-25^6,27,28-
tetrabutoxycaUx[4]arene
Triethylamine (0.081ml, 0.054g, 0.54mmol) and menthyl acrylate (0.113g, 0.54mmol) 
was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene 25,26,27,28 tetra-n- 
butylether (O.lg, 0.09tmnol) 98 in DMF (20ml). After 10 minutes vigorous stirring at 
25°C, palladium acetate (0.002g, 0.009mmol) and l,3-bis(diphenylphosphinopropane) 
(0.009g, 0.009mmol) were added and the mixture heated to 90°C and stirred for 150 
hrs.
After addition of 50ml dichloromethane the mixture was washed with HCl (3x20ml 
3M HCl). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under 
reduced pressure. The residue was further dried in a desiccator (Si02) under reduced 
pressure for 12 hrs and recrystallised ftom methanol to give the calix[4]arene 133 
(O.OSg, 40%) as beige cubes; mp- 85-87 °C; Vmox (Nujol)/cm'^  1708 (C=0), 1634 
(C=C); 0h(270 MHz; CDCI3) 7.35 (4H, d, J 16.2, Ai‘-CH=), 6.87(4H, s, Ar-H) 6.76 
(4H, s, Ar-H) 6.12 (4H, d, J 16.2, CH-C-O), 4.65 (4H, m, CM)C=0) 4.43 (4H, d, J
13.4, CJ^aHbAi), 3.93 (8H, t, J 6.4, CH2O), 3.19 (4H, d, J 13.4, CHA%Ar), 1.90 (8H, 
m, CHjzCHgO), 1.67-1.60 (12H, m, OCHCJ^CH & OCHCff) 1.50-1.40 (8H,m, 
0CHCH2C^2 ), 1.00 (12H, t, J 8.3, CJT3 CH2) 0.98-0.78 (60H, m, {CH )^2CH8l  
CH2CH2CHCH3); ÔC (CDCI3) 166.7, 158.4, 144.4,135.2,130.2,129.2,127.5,116.7, 
75.1,73.8,47.4,40.9,34.4,32.2,31.4,31.3,30.9,26.4,22.1,20.9,19.3,16.4,14.1;
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m/z (El) 1482 [M+]. Found 0 , 72.40; H, 9.00% CggHiagOu ' 6 H2O requires C, 72.51; 
H, 9.38%
154
5,11,17,23- Tetrakis[(E)-N ,N-(diethyl)-aciylam ido]-25,26,27,28 tetra-n- 
bwtoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and diethylacrylamide (0.264g, 
2.08mmol) was added to a stirred solution o f 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirrmg at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphinopropane) (0 . 0 1  Ig , 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 300 hrs.
After addition o f 50ml diethyl ether the mixture was washed with HCl (3x20ml 3M 
HCl). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (Si0 2 ) under reduced pressure 
for 12 hrs and purified via column chromatography (S1O2 , EtOAc/hexane 1:1) to give 
the calix[4]arene 154 (O.lSg, 51%) as off-white cubes; mp-120-122 °C; v^ax 
(Nujoiycm'' 1620 (O C ), 1645 (0=0); ea(270 MHz; CDCI3) 7.31 (4M, d, J 16.0, Ai- 
CH=), 6.81 (8 H, s, Ar-H), 6.39 (4H, d, J 16.0, Ar-CH=C77-C=0), 4.41 (4H, d, J 13.4, 
C%HBAr), 3.83 (8 H, t, J 6.4, CH2O), 3.4-3.2 (16H, m, NCHj), 3.19 (4H, d, J 13.4, 
CHA% Ar), 1.90 (8 H, m, CflaCHjO), 1.50-1.35 (8 H, m, OCHCHzC% ), 1.05-1.20 
(24H, mNCHjCHs), 1.00 (12H, t, J 8.3, CH3CH2); 8 .  (CDCI3) 164.7,159.4,142.6,
126.3,124.5,123.2,119.8, 72.2,45.6,40.3,32.3,31.2,19.4,14.1,13.2; m/z (El) 1149
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[M+]. Found C, 68.95; H, 8.37; N, 4.56% C72H100O8N4  • 6 H2 O requires C, 68.76; H, 
8.98; N , 4.50%.
155
5,ll,17,23-Tetrakis[(E)-N-(piperidyI)-aciyIam ido]-25,26,27,28 teti*a-n- 
butoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and piperidylacrylamide (0.289g, 
2.08mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tett'a-n-butylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°0 palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphmopropane) (0.01 Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 325 hrs.
After addition of 50ml diethyl ether the mixture was washed with HCl (3x20ml 3M 
HCl). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (Si02) under reduced pressure 
for 12 hrs and recrystallised fiom hot methanol to give the calix[4]arene 155 (0.17g, 
55%) as off-white cubes; mp-88-90 °C; Vmax (Nujol)/cm'^  1646 (C=0), 1605 (C=C); 
0h(270 MHz; CDCI3) 7.28 (4H, d, J 15.1, Ar-CH-), 6.82 (8H, s, Ar-H), 6.49(4H, d, J
15.1, A r-CH-CF-C=0), 4.41 (4H, d, J 13.2, C ^H nA r), 3.90 (8H, t, J 7.4, CH2 O), 
3.6-3.4 (16H, m, CH2NCH2), 3.20 (4H, d, J 13.2, CHA%Ar), 1.90 (8H, m,
CH2 CH2O), 1.70-1.40 (32H, m, OCHCH2 CH2  & CH2CH2CH2CH2NCH2  ), 1.00 (12H, 
t, J 8.3, C7 7 3 CH2); ÔC (CDCI3) 165.9,158.2,142.3,136.1,130.1,128,8,115.9, 75.5,
Chapter 4 1.Experimental Page 152
47.1,43.3,32.5,30.8,26.7,24.7,19.5,14.1; m/z (El) 1198 [M+]. Found C, 75.10; H, 
8.23; N, 4.52% C7 6H1 0 0N4O8 * H2O requires C, 75.09; H, 8.46; N, 4.61 %.
156
5,11,17,23- Tetrakis[(E)-N-(morpholmyl)-acirylamido]-25,26,27,28 tetra-n- 
butoiycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and acryloyhnorpholine (0.294g, 
2.08mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphinopropane) (0 . 0 1  Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 275 hrs.
After addition of 50ml diethyl ether the mixture was washed with HCl (3x20ml 3M 
HCl). The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (8 % ) under reduced pressure 
for 1 2  hrs and recrystallised ftom methanol to give the cdlix[4]arene 156 (0.14g, 40%) 
as light brown cubes; mp- 254-256 ®C; Vmax (Nujol)/cm’^  1645 (C=C) 1620 (C=0); 
0h(270 MHz; CDCI3) 7,32 (4H, d, J 15.5, Ar-CH=), 6.82 (8 H, J 13.4, s, Ar-H), 6.46 
(4H, d, J 15.5, Ar-CH=C^-C=0), 4.42 (4H, d, J 13.5, CT^HsAr), 3.90 (8 H, t, J 7.5, 
CH2O), 3.73-3.56 (16H, m, H2 COCH2), 3.72-3.70 (16H, m, H2 CN(CO)CH2), 3.19 
(4H, d, J 13.5, CHA%Ar), 1,90-1.88 (8 H, m, C7 6 CH2 0 ), 1.50-1.44 (8 H, m, 
OCHCH2 CH2  ), 1-00 (12H, t, J 8.3, CH3 CH2); ÔC (CDCI3) 165.7,158.3, 143.1, 135.3,
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129.4,128.0,114.3, 75.2,66.8,45.5,42.1,32.3, 30.9,19.3,14.1; m/z (El) 1206 [M+]. 
Found C, 65.49; H, 7.35; N, 4.13% C7 2H92N4 O12 * 6 H2 O requires C, 65.83; H, 7.98; N, 
4.27
157
5,11,17,23- Tetrakis((E)-N-(methyibenzyi)-acrylamido]-25,26,27,28 tetra-n- 
butoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and Methylbenzylacrylamide (0.364g, 
2.08mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-hutylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphinopropane) (0 . 0 1  Ig, 0.026mmol) were added and the mixture 
heated to lOO^C and stirred 325 hrs. After addition of 50ml diethyl ether the mixture 
was washed with HCl (3x20ml 3M HCl). The organic extract was dried (Ne2 S0 4 ), 
filtered and evaporated under reduced pressure. The residue was further dried in a 
desiccator (8 % ) under reduced pressure for 1 2 hrs purified via column 
chromatography (1:5 EtOAc/Hexane, SiOa) to give the calix[4]arene 157 (0.19g,
55%) as brown cubes; mp-98-100 °C; v^ax (Nujol)/cm"  ^1607 (C=C) 1648(C=0); 
0h(270 MHz; CDCI3) 7.50-7.16 (24H, m, Ar-CH= & Ar-H (benzyl)), 6.80-6.62 (8 H, s, 
Ar-H) 6.41-6.5(4H, m, Ar-CH=CH-C=0) 4.69 (4H, m, CHaHbAx), 4.35 (8 H, m, 
CHzAr) 4.0-3.6 (8 H, m, CH2 O), 3.19 (4H, d, J 13.4, CHA%Ar), 3.01 (12H, s, CH3N)
1.90 (8 H, m, CH2 CH2 O), 1.50-1.35 (8 H, m, OCHCH2 C7 % ), 1.00 (12H, t, J 8.3, 
CH3 CH2). Sc (CDCI3 ) 167.5,158.1,143.0,142.8,137.2,129.6,128.4,127.7,127.6 ,
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122.6,115.3,75.1, 53.6,32.7, 32,4,30.9,19.4,14.1; m/z (El) 1342 \M+]. Found C, 
73.20; H, 7.71; N, 3.75% CggHiooNA • SHaO requires C, 73.82; H, 7.74; N, 3.91%.
158
5,11,17,23“ Tetrakîs[(E)-N-(benzyl)-aciylamido]-25,26,27,28 tetra-n- 
butoxyealix[4]areiie
Triethylamine (0.314ml, 0.2lOg, 2.083mmol) and benzylacrylamide (0.25Ig, 
1.56mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-hutylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphinopropane) (0 . 0 1  Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 48 hrs.
After addition of 50ml DCM the mixture was washed with HCl (3x20ml 3M HCl). 
The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (SiOz) under reduced pressure 
for 1 2  hrs and recrystallised ftom hot me&anol to give the calix[4]arene 158 (0 .2 Ig, 
65%) as pale brown cubes; mp- 151-154°C; Vmgx (Nujol)/cm"  ^3275 (N-H) 1656 
(C=0), 1542 (C=C); 0h(270 MHz; CDCI3) 7.31-7.19 (24H, m, Ar-CH- & Ar-H 
(Benzyl)), 6.74 (8 H, s, Ar-H), 6.09 (4H, d, J 15.5, Ar-CH=C77-C=0), 4.51 (8 H, d, 5.7, 
CTTsNH), 4.41 (4H, d, J 13.9, CFCvHsAi), 3.88 (8 H, t, J 7.8, CHgO), 3.12 (4H, d, J 
13.9, CHaHbAt), 1.90 (8 H, m, CH2 CH2O), 1.46-1.39 (8 H, m, OCHCH2 CH2  ), 1 . 0 0  
(1 2 H, t, J 8.3, CH3 CH2); 5c (CDCI3) 165.0,157.2,138,3,134.7,128.9,128.2,128.1,
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128.0,127.5,127.3,126.6, 76.6,43.7,32.2, 30.1,19.7,14.1. m/z (El) 1286 [M+]. 
Found C, 75.95% H, 7.17 N, 4.26% C84H92N4O8 - 2HzO requires C, 76.33%, H, 
7.32%, N, 4.24%.
HN. / O
159
5,11,17,23- Tetrakis[(E)-N-(4-cyanophenyl)-acrylamido]-25,26,27,28 tetra-n- 
butoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and 4-cyanophenylacrylamide (0.33g, 
2.08mmol) was added to astirred solution of 5,11,17,23 tetraiodocaUxarene
25.26,27,28 tetra-n-hutylether 98 (0.3g, 0.26 mmol) in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026 mmol) and diphenyl- 
phosphinopropane (0.01 Ig, 0.026 mmol) were added and the mixture heated to 100°C 
and stirred for 24 hrs. After addition of 50ml DCM the mixture was washed with HCl 
(3 x20ml 3M HCl). The organic extract was dried (NagSO )^, filtered and evaporated 
under reduced pressure. The residue was further dried in a desiccator (Si0 2 ) under 
reduced pressure for 1 2  hrs and purified via column chromatography (Si0 2  
EtOAc/hexane on 1:2) to give the calix[4]arene 159 (0.19g, 55%) as off-white 
cubes; mp- 180-183°C; Vm». (Nujol)/cm‘‘ 3312 (N-H), 2228 (CN), 1686 (C=0), 1604 
(O C ); 5h(500 MHz; rfs-DMSO) 10.43 (4H, s, NH), 7.72 (8 H, d, J 8 .8 , Ai-H 
(benzenenilrile)), 7.61 (8 H, d, J 8 .8 , Ar-H (Benzenenitrile)), 7.32 (4H, d, J 15.5, Ar-
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CH=), 6.97 (8 H. s, Ar-H). 6.42 (4H, d, J 15.5, Ar-CH=CH-C=0), 4.41 (4H, d, J 13.8, 
CHaHbAt), 3.93 (8 H, t, J 6.4, CH2 O), 3.31 (4H, d, J 13.8, CHÆ A r), 1.90 (8 H, m, 
CH2 CH2 O), 1.50-1.38 (8 H, m, OCHCH2 CH2  ), 1 . 0 0  12H, t, J 8.3, C ^C H 2); 8 h (500 
MHz; CDCI3) 11.20 (8 H, s,NH), 8.21 (8 H, d, J 8.7, Ar-H (benzenenitiile)), 7.72 
(8 H, d, J 8.7, Ar-H (Benzenenitrile)), 7.05 (4H, d, J 15.5, Ar-CH=), 6.84 (4H, s, Ar- 
H), 6.42(4H, d, J 15.5, Ar-CH=C7f-C=0), 5.77 (4H, s, Ar-H), 4.22 (4H, d, J 11.8, 
CHAHeAr), 3.74 (8 H, dd, J 12.7 J 8.1, CH2O), 2.63 (4H, d, J 11.8, CH.jHbAi), 1.92 
(8 H, m, CH2 CH2 O), 1.44-1.20 (8 H, m, OCHCH2CH2  ), 1.00 (1 2 H, t, J 8.3, C%CH2); 
8c(*-DMS0) 167.4,155.2,139.9,139.2,134.6,133.9,127.1,122.7,120.3,119.9,
116.2,96.3,76.6,32.5,33.0,19.7,15.1; m/z (LSIMS) 1329 [M+]; m/z (ESI, negative 
ion mode in MeOH) 2689.2 [M2" + CH3 OH] CissHieaNisOi,; Found C, 75.79; H, 6.37; 
N, 8.29% CsaHgoNsOg requires C, 75.88; H, 6.06; N, 8.43%.
Chapter 4 1.Expérimental Page 157
HN.
5,11,17^3- Tefrakis[(E)-N-(4-nitrophenyl)-acryIamido]-25^6,27,28 tetra-n- 
butoxycalix[4] arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and 4-nitrophenylacrylamide (0.399g, 
2.08inmol) was added to a stirred solution of 5,11,17^23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphmopropane) (0.01 Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 48 hrs.
After addition of 50ml DCM the mixture was washed with HCl (3x20ml 3M HCl).
The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (SiOz) under reduced pressure 
for 12 hrs and recrystallised firom hot methanol to give the calix[4]arene 160 (O.lSg, 
51%) as off-white cubes; m p-151-154 °C; Vmax (Nujol)/cm"  ^3384 (N-H), 1748 (0=0), 
1615 (0=C); 6h(270 MHz; Jg-DMSO) 10.65 (4H, s, NH), 8,05 (8H, d, J 9.0, Ar-H 
(nitrobenzene)), 7.36 (8H, d, J 9.0, Ar-H (nitrobenzene), 7.37 (4H, d, J 15.5, Ar-CH=),
7.00 (8H, s, Ar-H), 6.48 (4H, d, J 15.5, Ar-CH=CJÎ-C=0), 4.44 (4H, d, J 13.5, 
CiTAHeAr), 3.96 (8H, t, J 6.8, CH2 O), 3.37 (4H, d, J 13.5, CHA%Ar), 1.90 (8H, m, 
C7 7 2 CH2 O), 1.50-1.47 (8H, m, OCHCHzCJ^ ), 1.02 (12H, t, J 8,3, C^CHz); ôc(dg- 
DMSO) 165.0,158.9,146.3,142.6,142.3,135.8,129.1,128.8,125.6,126.1,119.7,
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75.2,36.2,32.5,19.2,14.2; m/z (El) 1409 (M+]; Found C, 6 6 .8 8 ; H, 5.52; N, 7.60% 
CgoHgoNgOie ' 2 H2 O requires C, 66.47; H, 5.86; N, 7.75%.
163
5,11,17,23- Tetrakis[(E)-N-(4-trifluoromethylpheiiyl)-acrylaiiiido]-25,26,27,28 
tetra-n-foutoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and 4-trifluoromethylphenylacrylamide 
(0.399g, 2.08mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-butylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphinopropane) (0 , 0 1  Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 175 hrs.
After cooling to RT and addition of 50ml HCl (2M) the mixture was filtered and the 
residue washed with water (100ml) and methanol (100ml). The organic extract was 
dried (Na2 S0 4 ), filtered and evaporated under reduced pressure. The residue was 
further dried in a desiccator (SiOa) under reduced pressure for 1 2  hrs and recrystallised 
firom methanol to give the ealix[4]arene 163 mp-235-240 °C; 5h(300 M H z ; de- 
DMSO) 10.34 (4H, s, HNCO), 7.69 (8 H, d, J 10.0, Ar-H (triflouromethylaniline)) 7.43 
(8 H, d, J 10.0, Ar-H (triflouromethylaniline), 7.25 (4H, d, J 15.10, Ar-CH=), 6.92 (8 H, 
s, Ar-H), 6.27 (4H, d, J 15.20, CH-C=0), 4.35 (4H, d, J 13.8, C ^H sA r), 3.89 (8 H, q, 
J 6.3, OCj^CHs), 3.30 (4H, d, J 13.8, CHaHbAt), 1.89-1.72 (8 H, m, CA^CHaO), 1.47- 
1.37 (8 H, m, OCHzCHzCi^), 0.94 (1 2 H, t, J 8 .2 , C%CHg); 6c(<4-DMS0) 164.5,
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143.3,141.4,136.7, 135.7,129.3,129.1,128.1,126.7,126.4,126.3,119.2, 74.9,32.0, 
30.5,18.9,14.0; m/z (LSIMS) 1525 [M+IH+Na)]; Found C, 64.63; H, 5.53; K, 4.59% 
Cg4HgoFi2 0 gN4  • 20MF requires C, 65.60; H, 5.75; N, 5.10%.
NHg
HN.
167
5,11,17,23- Tetrakis[(E)-N-(4-ammophenyl)-acrylamido]-25,26,27,28 tetra-n- 
butoxy calix[4] arene
SnCl2 ' 2 H2O (0,478g, 2.2mmol) was added to a stirred solution of 5,11,17,23 
tetraniirophenylacrylamidocalixarene 25,26,27,28 tetra-n-butylether 160 (O.lSg, 
0.12mmol) in Ethanol (25ml). After 6  hours vigorous reflux the mixture was poured 
on to ice lOOg and the pH adjusted to 8  with NaOH (2M). The product was extracted 
with DCM (2x 100ml) and the organic layer stirred with distilled water 300ml for 5 
hrs. Separation of the organic layer preceded the removal of the solvent under reduced 
pressure. The residue was furtiier dried in a desiccator (Si0 2 ) under reduced pressure 
for 12 hrs to give the calix[4]at'ene 167 (60mg, 33%) as light brown shards; mp- 120- 
123; v™x(Nujol)/cm-‘ 3501 (N-H). 3384 (N-H (amide)), 1748 (C=0), 1615 (C=C); 
Sh(270 MHz; rfe-DMSO) 9.62 (4H, s, NH), 7.33 (8 H, d, J 7.8, Ar-H (aminobenzene)), 
7.22 (4H, d, J 15.5, Ar-CH=), 7.04 (8 H, s, Ar-H), 6.48 (8 H, d, J 7.8, Ar-H 
(aminobenzene)), 6.39 (4H, d, J 15.5, Ar-CH=CH-C=0), 4.80 (8 H, s,NH%), 4.38 (4H, 
d, J 11.8, CHAHsAr), 3.92 (8 H, t, J 6.4, CH2O), 3.22 (4H, d, J 11.8, CHaHbAt), 1.90 ' 
(8 H, m, CH2 CH2O), 1.46-1.39 (8 H, m, OCHCH2 CH2  ), 1.00 (12H, t, J 8.3, CH3CH2); 
5„(cfe-DMSO) 151.4,143.9,143.5,138.1,134.7,127.1,126.9,122.7,120.7,120.3,
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113.9, 75.2,36.2,32.5,19.2,14.2; m/z (LSMIS) 1289 [M+]; Found C, 71.75; H, 6.95; 
N, 8.00% CgoHssNgOg ■ 2 H2 O requires C, 72.48; H, 7.00; N, 8.45%.
178
5,11,17^3- Tetrakis[(E)-N-(4“acetamidophenyl)-acrylamido3-25,26,27,28 tetra-n- 
foutoxycalix[4]arene
Triethylamine (0.335ml, 0.157g, 1.56mmol) and 4-acrylamidephenylacetamide 
(0.428g, 2,10mmol) was added to a stirred solution of 5,11,17,25 tetraiodocaUxarene
25,26,27,28 tetra-n-hutylether (0.3g, 0.26mmol) 98 in DMF (20ml). After 10 minutes 
vigorous stirring at 25°C palladium acetate (0.006g, 0.026mmol) and 1,3- 
bis(diphenylphosphinopropane) (0 . 0 1  Ig, 0.026mmol) were added and the mixture 
heated to 100°C and stirred for 275hrs.
After addition of 50ml HCl (2M) the mixture was fdtered and washed with water 
(100ml) and methanol (100ml). The organic extract was dried (Na2 S0 4 ), filtered and 
evaporated under reduced pressure. The residue was further dried in a desiccator 
(Si0 2 ) under reduced pressui“e for 1 2  hrs and recrystallised from hot methanol to give 
the calix[4]arene 178 (O.lSg, 49%) as dark brown microcrystals; mp-219-221 °C; Vmox 
(Nujoiycm'* 3398 (N-H), 3384 (N-H), 1748 (C=0), 1732 (C=0), 1615 (C=C); 5h(300 
MHz; rfe-DMSO) 10.33 (4H, s, CH3 CONH), 9.89 (4H, s, C=CHCONH), 7.50 (8 H, d, J
8.3, Ar-H (aniUde)), 7.40 (8 H, d, J 8.3, Ar-H (amlide)), 7.38 (4H, d, J 15.9, Ax-CH=),
7.00 (8 H, s, Ar-H), 6.49 (4H, d, J 15.9, A r-CH=Cff-00), 4.39 (4H, d, J 12.1,
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CHXHBAr), 3.93 (8 H, t, J 6 .8 , CH2 O), 3.37 (4H, d, J 12.1, CHAJ%Ar), 2.02 (Î2H, s, 
CH3 CON), 1.90 (8 H, m, CH2 CH2 O), 1.50-1.47 (8 H, m, OCHCH2 CH2  ), 1.02 (12H, t, J
8 .3 , CH3 CH2); Sc(4-DMSO) 169.2,165.0,158.9,146.3,142.6,135.8, 129.1,129.0,
128.8,125.6,126.1,119.7, 75.2, 36.2,32.5,24.8,19.2,14.2; tm/x(EI) 1481 [M+Na]; 
Found C, 69.86; H, 6.20; N, 6.61% CggHgsNgOn * 4 H2O requires C, 69.09; H, 6.85; N, 
7.32 %.
BuBuS
183
Tetrakis-p-phenylenedhmme-b:s-(5,ll,17,23-Tetrak:s[(E)-2-(4-
phenoxycarbonyl)ethenyl]-2S,26,27,28-tetrabutoxycalix[4]arene)
To a solution of 131d (20mg, 0.015mmol) in CDCI3 (3ml) was added 
phenylenediamine (3.3mg, 0.031 mmol) and 200mg of 4Â molecular sieves. The 
solution was allowed to react without stirring at RT for 15 hrs. After filtering the 
CDCI3 was removed under reduced pressure. Recrystalisation fi*om chloroform/diethyl 
ether gave 183 (19mg, 85%) as a light brown powder; ôh(500 MHz; CDCI3) 8.48 (4H, 
s, CH=N), 8.38 (4M, s, CH=N), 8.00 (4H, d, J 16.2, Ar-CH=), 7.93 (4H, d, J 9.4, Ar­
il), 7.67 (4H, d, J 8.3, Ar-H), 7.65 (4H, s, Ar-H), 7.48 (4H, d, J 9.4, Ar-H), 7.19 (4H, 
d, J 16.2, Ar-CH=), 7.16 (8 H, d, J 8.3, Ar-H), 7.05 (4H, d, J 8.3, Ar-H), 7.04 (8 H, s, 
Ar-H), 6.70 (8 H, d, J 8.3, Ar-H), 6.67 (4H, d, J 16.2, CH-C=0), 6.57 (16H, s, Ar-H),
6.35 (4H, s, Ar-H), 6.01 (4H, d, J 16.2, CH-C=0), 4.49 (8 H, d, J 12,9, C%HBAr),
4.19 (8 H, m, OCH2 CH2), 3.75 (8 H, m, OCH2 CH2), 3.25 (4H, d, J 12.9, CHaHbAi),
1.90 (16H, m, CH2 CH2 O), 1.63- 1.40 (16H, m, OCH2 CH2 CH2), 1.00 (24H, t, J 8.3, 
CH3 CH2)
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184a
Tetrakis-/>-phenyleiiediimme-bis-(5,11,17,23-Tetrakis[(E)-2-(3- 
phenioxycarboiiyl)ethenyl]-25,26,27,28-tetrabutoxycalix[4]areiie)
To a solution of 131e (20mg, O.OlSmmol) in CDCI3 (3ml) was added 
phenylenediamine (3,3mg, O.OSlmmol) and 200mg of 4A molecular sieves. The 
solution was allowed to react without stirring at RT for 15 hrs. After filtering the 
CDCI3 was removed under reduced pressure. Recrystalisation from chloroform/diethyl 
ether gave 184a (17mg, 76%) as a light brown powder; ôh(500 MHz; CDCI3) 8.48-
8.41 (8 H, s, CH-N), 8.00 (4H, d, J 16.2, Ar-CH=), 7.82-7.64 (18H, m, Ar-H), 7.59-
7.42 (20H, m, Ar-H & Ar-CH=), 7.24-6.96 (20H, m, Ar-H), 6.75-6.66 (8 H, m, Ar-H & 
CH-C=0), 6.44-6.35 (6 H, m, Ar-H), 6.06 (4H, d, J 16.2, CH-C=0), 4.49 (8 H, m, 
CHAHfiAr), 4.19 (8 H, m, OCH2 CH2), 3.75 (8 H, m, OCH2 CH2), 3.25 (8 H, m, 
CHA%Ar), 1.90 (16H, m, CH2 CH2 O), 1.63- 1.40 (16H, m, OCH2 CH2 CH2), 1.00 
(24H ,t,J8.3,CmCH2).
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V
184b
5.11.17.23-T etrakis [(E)-2-('4-carboxyphenoxy)etheiiyl]-25,26,27,28- 
tetrapropoxy calix[4] arene.
(Pentacyclo[19.3.1 ^^ ’^ ^]octacosa-l (25),3,5,
7,(28),9,11,13(27),15,17,19(26),21,23-dodecaene-25,26,27,28-'tetra-n*-propylether
5.11.17.23-tert meta-formylbezene acrylate)
Triethylamine (0.650ml, 0.512g, 5.00 mmol) and 3-acryloylbenzaldehyde (0.870g,
5.00 mmol) was added to a stirred solution of 5,11,17,23 tetraiodocaUxarene
25,26,27,28 tetra-n-propylether (0.91 g, 0.77mmol) 98 in DMF (20ml). After 10 
minutes vigorous stirring at 25°C palladium acetate (0.019g, 0.083mmol) and 1,3- 
bis(dipbenylphosphinopropane) (0.035g, 0.083mmol) were added and the mixture 
heated to lOO^ C and stm*ed for 36 brs.
After addition of 50ml diethyl ether the mixture was washed with HCl (3x20ml 3M 
HCl), The organic extract was dried (Na2 S0 4 ), filtered and evaporated under reduced 
pressure. The residue was further dried in a desiccator (SiOz) under reduced pressure 
for 12 hrs purified via column chromatography (SiOz, DCM) give the calix[4]arene 
184b (0.429g, 68%) as beige cubes; mp- 94-96 °C; Vmax (Nujol)/cm‘^  1730 (C~0), 
1720 (C=0), 1631 (C-C); 5h(300 MHz; CDCI3) 9.81 (4H, s, CHO), 7.69-7.64 (8H, m, 
Ar-H, Ar-CH=), 7.59 (4H, s, Ar-H), 7.41-7.35 (8H, m, Ar-H), 6.93 (8H, s, Ar-H), 6.34 
(4H, d, J 15.6, CH-C=0), 4.51 (4H, d, J 13.8, C^HgA r), 3.93 (8H, t, J 6.9, 
OCiTiCHz), 3.28 (4H, d, J 13.8, CHa77bAt), 1.98-1.91 (8H, m, OCHzC^CHg), 1.07 
(12H, t, J 8.3, C7 7 3 CH2); 0 c(CDCl3) 191.3,165.4,151.4,147.3,137.6,135.7,129.9,
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128.9,128.7,128.5,128.1,126.6,123.2,114.6,77.2,31.0,23,4,10.3; m/z (LSIMS) 
1289 [M+]; Found C 69.94; H 5.58% C8 0H7 2O16 • 4HzO requires C, 70.57; H, 5.92%.
N— N
184c
Tetrakis-/^-phenyleJiedmiime-bis-(5,ll,17,23-TetraIds[(E)-2-(3-
phenoxycarbonyl)etheiiylJ-25,26,27,28-'tetrapropyIcalis;[4]areiie)
To a solution of 131e (20mg, 0.015mmol) in CDCI3 (3ml) was added 
phenylenediamine (3.1mg, 0.030mmol) and 200mg of 4Â molecular sieves. The 
solution was allowed to react without stirring at RT for 15 hrs. After filtering the 
CDCI3 was removed under reduced pressure. Recrystalisation firom chloroform/diethyl 
ether gave 184b (16mg, 72%) as a light brown powder; ôh(500 MHz; CDCI3) 8.48-
8.41 (8 H, s, CH=H), 8.00 (4H, d, J 16.2, Ar-CH=), 7.82-7.64 (18H, m, Ar-H), 7,59-
7.42 (20H, m, Ar-H & Ar-CH==), 7.24-6.96 (20H, m, Ar-H), 6.75-6.66 (8 H, m, Ar-H & 
CH-C=0), 6.44-6.35 (6 H, m, Ar-H), 6.06 (4H, d, J 16.2, CH-C-0), 4.49 (8 H, m, 
C H a H b A t) ,  4.19 (8 H, m, OCH2 CH2), 3.75 (8 H, m, OCJÎ2 CH2), 3.25 (8 H, m, 
CHaHbAt), 1.91-1.78 (16H, m, Ci^CHzO), 1.09-1.07 (24H, m, C^CHz). m/z 
(LSIMS) 2903 [M+ 2 x H2O)]; m/z (ESI) 2889 JM+Na] 2756 [M+-phenylenediamine) 
2606 [M+- 2 X phenylenediamine CH2 CO. Found C, 70.95; H, 5.66; N, 4.53% 
C184H160N8O2 4  ' 7/3 CHCI3 requires C, 71.14; H, 5.21; N, 3.56%.
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2 0 0 a
5,11)17i23-Tetraki8[(E)-2-(4-p-aiiisidineinimopheuoxy)ethenyl]-25,26,27,28- 
tetrabutoxycalix[4]arene
To a solution of 131d (62mg, 0.046mniol) in CDCI3 (3ml) was added p-ansidine 
(22mg, 0.184mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 10 hrs. After filtering the CDCI3  was removed under 
reduced pressure. Recrystalisation fi?om chloroform/diethyl ether gave 200a (65mg, 
80%) as a light brown powder; mp- 101-104°C; v^ax (Nujol)/cm'' 1732 (C=0), 1643 
(C=N), 1620 (C=C); 5h(300 MHz; CDCI3) 8.40 (4H, s, CH=N), 7.79 (8 H, d. J 8.5, 
HCCCH=N), 7.61 (4H, d, J 16.2, Ar-CH=), 7.19 (8 H, d, J 8.5, HCCO), 7.15 (8 H, d, 3
8 .8 , HCCN=), 6.92 (8 H, s, Ar-H), 6.85 (8 H, d, J 8 .8 , HCCOCH3 ), 6.34 (4H, d, J 16.2, 
CH-C=0), 4.50 (4M, d, J 14.0, CitvIfeAr), 4.19 (8 H, q, J 6.3, OC%CHz), 3.92 (12H, 
s, CH3 O), 3.25 (4H, d, J 14.0, CHaHbAt), 1.90 (8 H, m, CifeCHjO), 1.50- 1.35 (8 H, m, 
OCHzCHzCT^), 1.00 (12H, t, J 8.3, CT^CH;); ôoCCDCU) 165.3, 159.8,157.2,146.3,
142.3,134.5,132.3,129.1,128.6,127.4,122.6,122.7,121.4,116.4,114.8,114.3,
75.7,55.7,32.3,31.0,19.3,14.0; m/z (LSIMS) 1768 [M+ 2H] 1162 [M+2H- MeOPh]; 
Found C, 72.33; H, 6.06; N, 3.41% Cn2HwsOi6N4  ■ %CHCh requires C, 72.98; H, 
5.91; N, 3.02%.
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5,ll,17^3-Tetrakis[(E)-2-(4-beiizylimmophenoxy)ethenyl]-25,26^7^8-
tetrabutosycalix[4]arene
To a solution of 131d (51mg, 0.038mmol) in CDCI3 (3ml) was added benzylamine 
(16mg, 0.152mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 1 0  hrs. After filtering the CDCI3 was removed under 
reduced pressure. Recrystalisation JBrom chloroform/diethyl ether gave 2 0 0 c (72%, 
47mg) as a brown powder; mp- 68-71 °C; Vmax (Nujol)/cm'^  1733 (0=0), 1645 
(C=N), 1622 (0=0); 0h(300 MHz; ODCI3 ) 8.30 (4H, s, OH=N), 7.69 (8 H, d, J 8.5, 
7fOOOH=N), 7.59 (4H, d, J 15.9, Ar-OH=), 7.35-7.30 (20H, m, Benzylamine Ar-H), 
7.15 (8 H, d, J 8.5, HCCO), 6.91 (8 H, s, Ar-H), 6.34 (4H, d, J 15.9, OH-OO), 4.85 
(8 H, 8 , OHzN=), 4.50 (4H, d, J 14.0, O^AHsAr), 4.19 (8 H, q, J 6.3, OCHiCBz), 3.25 
(4H, d, J 14.01, CHaHbAi), 1.90 (8 H, m, OT^OHzO), 1.50- 1.35 (8 H, m, 
OOHzOHzCf^), 1.00 (12H, t, J 8.3, O^OHz); 6^(00013) 162.1,156.6,139.0,138.2,
137.4,130.8, 129.8,128.6,128.5, 128.3,128.0, 127.3,127.0,121.2, 118.4, 114.1,
75.1, 65.0,32.2,30.9,19.2, 14.0; m/z (LSIMS) 1704 [M+2H]; Found 0 , 72.98; H, 
6.29;N, 3.03% O112H108O12N4  - I.5 OHOI3 requires 0,72.47; H, 5,87;N, 2.98%.
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5,11,17,23-T etrakis[(E)'2 -(3 -(2 -hydro3^ - 4 -iiiethylpheiiylimiiiophenoxy)ethenyl]-
25,26,27,28-tetrabutoxycalix[4]arene.
To a solution of 131d (80mg, 0,059mmol) in CDCI3 (3ml) was added 4-methyl-2- 
hydroxyamlline (29mg, 0.238mmol) and 200mg of 4Â molecular sieves. The solution 
was allowed to react without stirring at RT for 11 hrs. After filtering the CDCI3 was 
removed under reduced pressure. Recrystalisation fiom chloroform/diethyl ether gave 
201 d (52%, 54mg) as a brown powder; mp- 120-128 °C; ôh(300 MHz; CDCI3) 8.50 
(4H, s, CH-N), 7.80 (8 H, d, J 8.0, Ar-H), 7.66 (4H, d, J 16.2, Ar-CH=), 7.22 (8 H, d, J
8.0, Ar-H), 7.03 (4H, s, Ar-H (aminophenol), 6.94-6.90 (12 H, m, Ar-H + Ar- 
H(aminophenol)), 6.87 (4H, d, J, 8.5, Ar-H(aminophenol)), 6,38 (4H, d, J 16.2, CH- 
C=0), 4.50 (4H, d, J 14.0, C ^H sA r), 4.19 (8 H, t, J 6.3, OCZ&CHz), 3.25 (4H, d, J
14.0, CHaHbAi ), 2.23 (12H, s, CHsAr), 1.94-1.90 (8 H, m, CW HzO), 1.50-1.45 (8 H, 
m, OCH2 CH2 C7 7 2 ), 1.00 (1 2 H, t, J 8.3, CH3 CH2); §c (CDCI3) 165.3,159.5, 155.3,
153.4.150.1.147.0.134.8.133.4.129.9.129.7.129.5.129.3.128.7.122.5.119.8,
117.8,116.3,114.7,75.3, 32.3, 31.0,20.8,19.3,14.0; m/^  (LSIMS) 1762[M+]; Found 
C, 69,70; H, 5.92; N, 2.94% C1 1 2H1 0 8O16N4  * 1.5 CHCI3 requires C, 70,08, H, 5.67, N, 
2 .88%.
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5,ll,17,23-Tetrakis[(E)-2-(4"-tryptimmophenoxy)ethenyl]“25,26,27,28-
tetrabutoxycalix[4]arene
To a solution of 131d (58mg, 0.043mmol) in CDCI3 (3ml) was added tryptamine 
(27mg, 0.172mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 10 hrs. After filtering the CDCI3 was removed under 
reduced pressure. Recrystalisation from chloroform/diethyl ether gave 200e (85%, 
70mg) as a yellow powder; mp- 107-109°C; Vmax (Nujol)/cm‘^  1720 (C=0), 1634 
(C-N), 1620 (C=C); 0h(300 MHz; CDCI3), 8.06 (4H, s, CH-ISI), 7.93 (4H, s, Ar-H 
(tryptamine) 7.71-7.59 (16H, m, Ar-CH=, Ar-H, Ar-H (tryptamine)), 7.36 (8 H, d, J 
8.2, Ar-H), 7.23-7.00 (12H, m, 3xA-H (tryptamine)), 6.91 (8 H, s, Ar-H), 6.32 (4H, d, 
J 15.1, CH-C=0), 4,50 (4H, d, J 13.3, CHaHbAt), 4.00-3.87 (16H, m, OCT^CHz, 
CHaN), 3.27 (4H, d, J 13.3, C H a H b A t) ,  3.14 (8 H, t, J 6,7, Ar-C^CHaN=), 1.90 (8 H, 
m, CH2 CH2 O), 1.50- 1.35 (8 H, m, OCHaCHaCT^), 1.00 (12H, t, J 8.3, CH3CH2); 
ôc(CDCla) 164.1,160.5, 153.2,151.6,149.6,147.7,146.7,136.2,133.5,129.8, 129.1,
128.6,127.5,122.3,122.2,122.0,121.8,119.9,118.9,111.1, 75.2,61.8, 32.3, 30.9, 
26.7,19,2,14.0; m/z (LSIMS) 1917 [M+3H]; Found C, 72.98; H, 6,19; N, 5.22% 
CiaAaoOiaNg • I.2 CHCI3 requires C, 73.08; H, 5.94; N, 5.45%.
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5,ll,17,23-Tetrakis[(E)-2-(4-furfuryliinmophenoxy)ethenylJ-25,26^7,28-
tetrabutoxycalix[4]arene
To a solution of 131e (78mg, 0.059mmol) in CDCI3 (3 ml) was added fiifurylamine 
(23mg, 0.24mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 11 hrs. After filtering the CDCI3 was removed under 
reduced pressure. Recrystalisation fiom chloroform/diethyl ether gave 200n (54%, 
32mg) as a pale brown powder; mp- 74-79^0; Vmax (Nu)ol)/cm"^1732 (0=0), 1634 
(C=N), 1602 (0=0); 0^(300 MHz; ODOI3) 8.28 (4H, s, OH=N), 7.69 (8 H, d, J 8.5, 
œOOH=N), 7.51 (4H, d, J 15.5, Ar-OH=), 7.34 (4H, s, Ar-H (furfuryl), 6.90 (8 H, s, 
Ar-H), 6.78 (8 H, d, J 8.5,77000), 6.34-6.30 (8 H, m, CH-0=0, Ar-H (furfurylamine)), 
6.12 (4H, s, Ar-H (furfurylamine)), 4.76 (8 H, s, CH2N), 4.50 (4H, d, J 13.9, 
OTTaHbAt), 4.19 (8 H, q, J 6,3,007^0% ), 3.23 (4H, d, J 13.85, OHa77bAt), 1.91-1.88 
(8 H, m, CH2CH2OI 1.50-1.35 (8 H, m, OCHzCHzCl^), 1.00 (12H, t, J 8.3, Oj^CH:); 
8 c (ODCla) 165.1,160.3, 160.1, 152.1, 146.3, 135.8, 134.9,133.1, 133.0, 128.9, 128.1,
127.0,122.0,121.5,121.2,118.9,118.6,110.7, 74.7,61.2,31.7, 30.4,18.7,13.9; m/z 
(LSIMS) 1662 [M+]; Found 0,68.23; H, 6.11; N, 3.10%; O104H100O16N4 • 1.5 OHOI3  
requires 0 ,68.83; H, 5,56; N 3.04%
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S,ll)17,23-Tetrakis[(E)-2-(3-p-anisidjneiminopheiioxy)ethenyl]-25,26,27.28-
t£trabutosycalix[4]arene
To a solution of 131e (50mg, 0.037mmol) in CDClj (3ml) was added p-anisidine 
(ISmg, 0.148mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 10 hrs. After filtering the CDCI3  was removed under 
reduced pressure. Recrystalisation fi:om chloroform/diethyl ether gave 201a (75%, 
49mg) as a brown powder, mp- 102-107°C; Vmax (Nujol)/cm‘' 1720(C=O), 
1635(C=N), 1589(C=C); 5h(300 MHz; CDCI3) 8.19 (4H, s, CH=N), 7.65-7.61 (12H, 
m, Ar-H + Ar-CH-), 7.31-7.30 (4H, m, Ar-H), 7.18-7.14 (4H, m, Ar-H), 7.13 (8 H, d,
7.0, Ar-H, (p-anisidine), 6.94 (8 H, s, Ar-H), 6.87 (8 H, d, J 7.0, Ar-H (p-anisidine),
6.36 (4H, d, J 16.1, CH-C=0), 4.50 (4H, d, J 13.6 C%HBAr), 3.98 (8 H, t, J 6.3, 
OCifeCHr). 3.77 (12H, s, OCH3), 3.26 (4H, d, J 13.6, CHA%Ar), 1.94-1.89 (8 H, m, 
C%CHzO), 1.50-1.46 (8 H, m, OCHzCHzC^), 1.02 (12H, t, J 8.4, CJÏ3CH2); 
8 „(CDCl3) 165.8, 159.4, 158.6,157.4,151.5, 146.9,144.7, 138.0,135.8, 129.7,128.9, 
126.6,125.7,122.5,118.7,117.2,116.7,115.3,75.5,55.9,32.5,31.7,19.6,14.0; m/z 
(LSIMS) 1768[M+2H]; Found C, 71.58; H, 5.96; N, 2.93% CujHiosOisNr • CHCI3  
requires C, 71.98; H, 5.83; N, 2.97%
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5,11,17,23“Tetrakis[(E)-2-(3-anilinemiLliiophenoxy)ethenyl]-25,26,27,28“ 
tetrabutoxycaIix[4]arene.
To a solution of 131e (64mg, 0.047mmol) in CDCI3 (3ml) was added aniline (18mg, 
0.190mmol) and 200mg of 4Â molecular sieves. The solution was allowed to react 
without stirring at RT for 10 hrs. After filtering the CDCI3 was removed under reduced 
pressure. Recrystalisation fiom chloroform/diethyl ether gave 201c (72%, 56mg) as a 
brown powder; mp- 91-94°C; v^ax (Nujol)/cm'^  1730 (C“ 0), 1640 (C“N), 1634 
(C=C); 0h(300 MHz; CDCI3), 8.16 (4H, s, CH-N), 7.60-7.15 (12H, m, Ar-CH=, Ar- 
H), 7.32-7.11 (28H, m, Ar-H + Ar-H(amline)), 6.93 (8 H, s, Ar-H), 6.28 (4H, d, J 14.9, 
CH-C-0), 4.50 (4H, d, J 12.8, C%HBAr), 3.98-3.96 (8 H, m, J 8.3, OC^CHz), 3.27 
(4H, d, J 12.8, CHaFbAt), 1.98-1.91 (8 H, m, Cj%CHzO), 1.50- 1.35 (8 H, m, 
OCHzCHzCTfz), 1.00 (12H, t, J 8.3, C^CHz);^» (CDCI3) 165.8,159.6,151.9,159.4,
147.1,137.8,135.7,129.6,129.3,126.2,125.8,125.1,124,9,122.6,121.1,121.1,
118.7,115.3, 75.6,31.5, 31.3,19.5,14.1; m/z (LSIMS) 1646 [M+2H]; Found C,
73.80; H, 6.11; N, 3.1 C1 0 8H100O12N4  * 1 CHCI3  requires C, 74.16; H, 5.77; N, 3.17
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5,11,17,23-Tetrakis[(E)-2-(3-ben2yIimmophenoxy)ethenyl]-25,26,27,28- 
tetrabutoxy calix[4] arene.
To a solution of 131e (65mg, 0.048mmol) in CDCI3 (3ml) was added benzylamine 
(21mg, 0.193mmol) and 200mg of 4À molecular sieves. The solution was allowed to 
react without stirring at RT for 10 hrs. After filtering the CDCI3 was removed under 
reduced pressure. Recrystalisation from cMorofoim/diethyl ether gave 201c (6 8 %, 
56mg) as a brown powder, mp- 89-93°C; Vmax (Nujol)/cm"h732 (C-0), 1640 (C-N), 
1635 (C=C); 5h(300 MHz; CDCI3) 8.17 (4H, s, CH=N), 7.61 (4 H, d, J 7,3, Ar-H), 
7.60-7.15 (36H, m, Ar-CH=, Ar-H, Ar-H (benzylamine)), 6.92 (8 H, s, Ar-H), 6.28 
(4H, d, J 15.2, CH-C=0), 4.83 (8 H, s, CH2N=), 4.50 (4H, d, J 12.8, C ^H sA r), 3.97 
(8 H, q, J 8.3, OC^CH i), 3.25 (4H, d, J 12.8, CHA%Ar), 1.92-1.90 (8 H, m, 
CKaCHsO), 1.50- 1.35 (8 H, m, OCH^CmC^), 1.00 (12H, t, J 8.3, C^CHz); m/2  
(LSIMS) 1703 [M+IH]; Found C, 72.12; H, 6.13; N, 3.18% C112H108N4 O1 2 * I.SCHCIb 
requires C, 72.47; H, 5.87; N, 2.98%
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5,ll,17,23-Tetrakis[(E)-2-(3-tryptimmopheiioxy)ethenyI]-25,26^7,28- 
f etrabiitoxy calix[4] arene.
To a solution of 131e (81mg, 0.060mmol) in CDCI3 (3ml) was added tryptamine 
(39mg, 0.241 mmol) and 200mg of 4A molecular sieves. The solution was allowed to 
react without stirring at RT for 12 hrs. After filtering the CDCI3 was removed under 
reduced pressure. Recrystalisation from chloroform/diethyl ether gave 201e as a 
brown powder (59%, 6 8 mg); mp- 94-97°C; Vmax (Nujol)/cm‘^  1645 (C=N) 1680 
(0=0), 1620(C=C); 0h(300 MHz; CDCI3) 7.90 (4H, s, CH=N), 7.83, (4H, s, Ar-H 
(tryptamine) 7.62-7.58 (16H, m, Ar-H (tryptamine) + Ar-CH= + A-H), 7.34-7.32 (8 H, 
m, A--H), 7.18-7.07 (12H, m, A -H  (tryptamine)), 6.93 (8 H, s, A-H ), 6.31 (4H, d, J 
15.5, CH-C-O) 4.50 (4H, d, J 13.5 CiTAHsAO, 3.97 (8 H, t, J 7.3, OC^CHz), 3.80 
(8 H, m, C%-N=), 3.26 (4H, d, J 13.5, CHaHbA), 3.07 (8 H, t, J 6.23, CH^C^-A 
(tryptamine), 1.91-1.90 (8 H, m, C^CHzO), 1.50- 1.35 (8 H, m, OCH2 CH2 CT^), 1.00 
(1 2 H, t, J 8.3, CH3CB2); 0c(CDCl3) 165.5, 160.5,159.8, 153.8, 151.2,148.2, 146.7,
137,7,136.2,135.5,129.4,128.7,124.9,124.0,122.5,121.7,121.6,119.1,118.8,
115.1,113.6,111.2,75.3,61.6, 32.2,30.9,26.5,19.3,14.0; m/z (LSIMS) 1917 
[M+3H]; Found C, 69.32; H, 6.37; N, 5.06% C124H1 2 0O12N8 - 2.3 CHCI3 requires C, 
69.19; H, 5.62; N, 5.11%.
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201f
5,11,17>23-Tetrakis[(E)-2-(3-aIIyHmmophenoxy)ethenyl]-25,26,27^8- 
tetrabutoxycalix[4]arene.
To a solution of 131e (95mg, 0.071mmol) in CDCI3 (3ml) was added allylamine 
(16mg, 0.283mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 7 hrs. After filtering the CDCh was removed under 
reduced pressure. Recrystalisation fiom chloroform/diethyl ether gave 201f as a brown 
powder (83%, 8 8 mg); mp-86-89 °C; Vmax (Nujol)/cm‘* 1732 (C=0), 1646 (OC),1640 
(C=N),1634 (0=0); 5h(300  M H z; ODOI3 ) 8.05 (4H, s, OH=N), 7.59 (8 H. m, Ar-H, 
Ar-CH=), 7.46 (4H, s, Ar-H), 7.35-7.18 (8 H, m, Ar-H), 6.92 (8 H, s, Ar-H), 6.30 (4H, 
d, J 15.8), 6.10-5.90 (4H, m, CHcHfCTf), 5.19 (4H, d, J 15.0, CHcHd=C H ), 5.12 
(4H, d, J 10.9, OHcffn=OH), 4,49 (4H, d, J 13.7,0%.HBAr), 4.17 (8 H, d, J 4.9, OH2 - 
N=), 3.96 (8 H, t, J 7.0, OOH2 OH2), 3.25 (4H, d, J 13.7, OHaH bA t), 1.91-1.89 (8 H, m, 
CJT2 OH2 O), 1.50-1.45 (8 H, m, 0 CH2 0 H2 C%), 1.05 (12H, t, J 8.3, Ol^CH;); 6 . 
(CDOI3) 160.5,150.6,146.1,139.2,136.9,136.1,135.2,134.8,128.8,128.1,124.2,
123.6,123.1,121.4,115.5,114.4,75.6,44.0,31.5,31.3,19.5,14.1; m/z (LSIMS) 1502 
[M+]; Found 0,69.06, H, 6.89,5.72% O9 6H100O12N4  • I.5 OHOI3 requires 0,69.67, H, 
6.09%, N 3.33%.
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2 0 1 g
5,ll,17,23-Telrakis((E)-2-(3-n-butyHniinophenoxy)ethenyl]-25,26,27,28-
tetrabutoxycalix[4]arene.
To a solution of 131e (92mg, 0.068mmol) in CDCI3  (3ml) was added n-butylamine 
(2 0 mg, 0.27 Immol) and 2 0 0 mg of 4 Â molecular sieves. The solution was allowed to 
react without stirring at RT for 11 hrs. After filtering the CDCI3  was removed under- 
reduced pressure. Recrystalisation from chloroform/diethyl ether gave 201g (77%, 
82mg) as a brown powder; mp-101-104°C; Vmax (Ntgol)/cm'* 1731 (C=0 ), 1633 
(C=N), 1584 (C=C); 5h(300 MHz; CDCI3) 8.06 (4H, s, CH=N), 7.61-7.55 (8 H, m, Ar- 
H 4- Ar-CH=), 7.46 (4H, s, Ar-H), 7.21-7.20 (4H, m, Ar-H), 7.14 (4H, d, J 8.3, Ar-H),
6.92 (8 H, s, Ar-H), 6.33 (4H, d, J 15.7, CH-OO), 4.50 (4H, d, J 13.3, C%HgAr).
3.97 (8 H, t, J 6 .8 , OC%CHz), 3.53 (8 H, t, J 6.9, N-CH2), 3.25 (4H, d, J 13.3, 
CHA%Ar), 1.92-1.90 (8 H, m, CF&CHzO), 1.67-1.62 (8 H, m, NCH2 CH2 ), 1.50-1.35 
(8 H, m, OCH2 CH2 C%), 1.38-1.33 (8 H, m, NCH2 CH2 C%), 1.00 (12H, t, J 8.3, 
CH3 CH2), 0.91 (12H, t, J 6.2 ;NCH2 CH2 CH2 CH3); 6 » (CDCI3) 165.5,159.9,159.7,
151.2,146.3,137.7,135.4,129.4,128.6,124.7,124.0,121.8,120.2,116.3,75.3,61.3, 
32.9,32.2,31.2,20.4,19.3,14.1,13.8; m/z (LSIMS) 1700 [M-t-Cs-t-2 H] 1564 [M-t-]; 
Found C, 71.74; H, 7.24; N, 2.96% C100H1 16O12N4  ■ CHCla requires C, 71.98; H, 7.00; 
N3.32%.
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2 0 1 h
5,ll,17,23-Tetralds[(E)-2-(3-ïi-octyliïiimophenoxy)ethenyI]-25,26,27,28-
tetrabutoxycalix[4]are)ie.
To a solution of 131e (70mg, 0.052mmol) in CDCI3 (3ml) was added n-octylamine 
(26mg, 0.208mmol) and 200mg of 4Â molecular sieves. The solution was allowed to 
react without stirring at RT for 11 hrs. After filtering the CDCI3 was removed under 
reduced pressure. Recrystalisation firom chloroform/diethyl ether gave 201h as a 
brown powder (75%, 70mg) mp-107-1012C; Vmax (Nujol)/cm‘^  1732 (C=0), 1640 
(C=N), 1634 (C=C); 5h(300 MHz; CDCI3) 8.06 (4H, s, CH-N), 7.61-7.56 (8 H, m, Ar- 
H + Ar-CH=), 7.44 (4H, s, Ar-H), 7.23-7.20 (4H, m, Ar-H), 7.15-7.13 (4H, m, Ar-H),
6.93 (SH, s, Ar-H), 6.32 (4H, d, J 15.5, CH-C=0), 4.50 (4H, d, J 13.5, CHaUbAtX
3.97 (8 H, t, J 6.7, OCH2 CH2), 3.55 (8 H, t, J 6.7, N-CH2), 3.25 (4H, d, J 13.5, 
CHA%Ar), 1.92-1.90 (8 H, m, CT^CHzO), 1.65-1.62 (8 H, m, NCH2 CH2 ), 1.50-1.35 
(8 H, m, OCH2 CH2 CZ6 ), 1.38-1.33 (40H, m, NCH2 CH2 (CJ%)sCH3 ), 1.00 (12H, t, J
8.3, CHsCRiX 0.87 (1 2 H, t, J 6.2, NCH2CH2(CH2)sC^); ôc (CDCI3) 165.4, 161.1, 
159.9,157.3,151.1,146.6,137.7 135.5,129.6,129.4,128.7,124.7,124.0,117.8,75.2,
61.7, 32.2,31.8, 30.9, 29.4,29.3, 27.4,26.7,23.1,22.6,19.3,14.1; m/z (LSIMS) 1792 
[M+2 H]; Found C, 72.12; H, 8.32; N, 2.87% C116H1 4 8O12N4  • l.SCHCla requires C, 
72.30; H, 7.72; N, 2.87%.
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2 0 1 i
5,11 >1 7,23-T etrakis [(E)-2-^-(3-triethoxysilyIpropylimmophenoxy))etheiiylJ •
25,26,27,28-tetrabutoxycalix[41arene.
To a solution of 131e (50mg, 0.037mmol) in CDCI3 (3ml) was added 3- 
triethoxysilylpropyl-1-amine (32mg, 0.148mmol) and 200mg of 4Â molecular sieves. 
The solution was allowed to react without stirring at RT for 12 hrs. After filtering the 
CDCI3 was removed under reduced pressure. Recrystalisation from chloroform/diethyl 
ether gave 2011 (45%, 36mg) as a brown powder, mp-97-101 °C; Vmax (Nujol)/cm' 
‘1732 (0 =0), 1640 (C=N), 1630 (0=C)i 5h (300 MHz; CDCI3) 8.01 (4H, s, CH=N), 
7.49-7.48 (8 H, m, Ar-H + Ar-CH=), 7.35 (4H, s, Ar-H), 7.20-7.18 (4H, m, Ar-H) 7.06 
(4H, d, J 7.7, Ar-H), 6.85 (8 H, s, Ar-H), 6.26 (4H, d, J 15.5, CH-OO), 4.42 (4H, d, J 
13.4, C%HBAr), 3.90 (8 H, t, J 7.2, OCH2 CH2), 3.52 (8 H, t, J 7.2, NCH2), 3.20 (4H, d, 
J 13.4, CHA%Ar), 1.85-1.82 (8 H ,m , CH2 CH2O), 1.60-1.57 (8 H ,m ,NCH 2 C%), 1.42-
1.37 (8 H, m, OCH2 CH2 C%), 1.31-1.13 (60H, m, Si-OC^CH; + OCH2 C%), 1.00 
(12H, t, J 8.4, CH3CH2), 0.79 (8 H, m, CH2 Si); 5» (CDCI3) 165.1,159.7,152.01,146.4,
137.3,135.1,129.0,128.2,124.2,123.5,121.0 117.2,115.6,114.1,74.7,63.6,57.7,
31.6, 29.1, 18.6,17.6,13.5,7.3,0.4; m/z (LSIMS) 2162 [M+3H] 2116 [M+4H- 
OCH2 CH3]; Found C, 61.86; H, 6.87; N, 2.14 Ci2oHiM024N4Si4 ' 1 .7 5 CHC13 requires 
C, 61.76; H, 7.06; N, 2.37%.
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5,11,17,23-T etrakis [(E)-2-(3-(t-butyI-L-aIaiimeimmophenoxy)etheiiyl]-
25,26,27,28-tetrabiitoxycaIix [4] arene.
To a solution of 131e (65mg, 0.048mmol) in CDCI3 (3ml) was added 1-alanine t-butyl 
ester hydrochloride salt (35mg, 0.193mmol) and 200mg of 4Â molecular sieves. The 
solution was allowed to react without stirring at RT for 15 hrs. After filtering the 
CDCI3 was removed under reduced pressure. Recrystalisation from chloroform/diethyl 
ether gave 201 j as a brown powder (38%, 34mg) mp-89-94 °C; Vmax (CH2 Cl2)/cm‘^  
1633 broad (C=K) & (C=C), 1710 broad (C=0) & (0=0); 0h(300 MHz; CDCI3) 8,01 
(4H, s, CH=N), 7.63-7.59 (8 H, m, Ar-H + Ar-CH=), 7.49 (4H, s, Ar-H), 7.18-7.16 
(8 H, m, Ar-H), 6.90 (8 H, s, Ar-H), 6.42 (4H, d, J 15.4, CH-C=0), 4.49 (4H, d, J 13.4, 
CHaHbAi-), 3.97 (12H, m, OCH2 CH2  + CHCH3), 3.25 (4H, d, J 13.4, CHaHbAt), 
1.95-1.91 (8 H, m, CH2 CH2O), 1.55- 1.39 (56H, m, OCH2CH2CH2  + (CH3 )3 C+ 
CHCH3), 1.00 (12H, t, J 8.3, CH3 CH2); 0 c(CDCl3) 171.6,165.5,161.5,159.2,151.1,
146.7, 137.3,136.8, 129.3, 128.6, 128.1, 125.2,124.6,122.1, 115.0, 81.1, 75.3, 68.4,
32.3,31.0,28.1,28.0,19.4,14.0; m/z (LSIMS) 1856 [M+2H] 1728 [M+2H- 
(CH3)3C0 0 CCH(CH3)N]; Found C, 66.99; H, 6.77; N, 2.50% C112H13 2O20N4  - 
I.5 CHCI3 requires C, 67.04%, H, 6.62%, N, 2.76
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2 0 1 n
5,lljl'7,23-Tetrakis[(E)-2-(3-furfuryKmraophenoxy)etheiiyl]-25,26,27,28-
tetrabutoxycaIix[4]arene.
To a solution of 131e (75mg, 0v056nwnol) in CDCI3 (3ml) was fu&iylamine (22mg, 
0.223mmol) and 200mg of 4Â molecular sieves. The solution was allowed to react 
without stirring at RT for 10 hrs. After filtering the CDCI3 was removed under reduced 
pressure. Recrystalisation from chloroform/diethyl ether gave 201n as a brown powder 
(78%, 72mg); mp-96-99 °C; Vmax (Niflol)/cm-‘ 1727 (C=0), 1632 (C=N), 1590 (C=C), 
5h(300 MHz; CÜCI3) 8.12 (4H, s, CH=N), 7.63-7.55 (8 H, m, Ar-H + Ar-CH=), 7.47 
(4H, s, Ar-H), 7.37-7.32 (4H, m, Ar-H(firrfurylamine)), 7.26-7.25 (4H, m, Ar-H), 
7.18-7.13 (4H, m, Ar-H), 6.92 (8 H, s, Ar-H), 6.37-6.25 (8 H, m, Ar-H(&Tfurylamine),+ 
CH-C=0), 6.25-6.20 (4H, m, Ar-H(furfurylamine)), 4.78-4.69 (8 H, m, CH^N^), 4.50 
(4H, d, J 13.5, CTTAHaAr), 4.01-3.92 (8 H, m, OCH2 CH2), 3.25 (4H, d, J 13.5, 
CHA%Ar), 1.98-1.84 (8 H, m, C/TjCHjO), 1.56-1.35 (8 H, m, OCH2 CH2 CJÏ2 ), 1.01- 
0.97 (12H,m, CH3 CH2); 5 .(0 0 % ) 165.4,162.1,159.2,152.2,151.1,146.7,142.1,
137.2,135.3,130.5,129.4,128.6,125.1,124.5,122.1,115.0,110.3,107.5,75.2,57.1,
32.3, 31.0,19.3,14.0; m/z (LSIMS) 1663 [M+IH]; Found C, 67.84; H, 5.34; N, 3.16% 
C104H1 0 0O16N4  • 1.75 CHCI3 requires C, 67.89; H, 5.48; N, 2.99%.
Chapter 4 1.Experimental Page 180
201o
5,11,17,23-Tetrakis[(E)-2“(3-cyclohexyliminophenoxy)etheayll-25^6,27,28- 
tetrabutoxycalix[4]arene*
To a solution of 131e (lOOmg, 0.074nunol) in CDCI3 (3ml) was added 
cyclohexylamine (29mg, 0.297mmol) and 200mg of 4Â molecular sieves. The 
solution was allowed to react without stirring at RT for 10 hrs. After filtering the 
CDCI3 was removed under reduced pressure. Recrystalisation horn chloroform/diethyl 
ether gave 201o (78%, 96mg) as a brown powder, mp-97-101 ®C; Vmax (Nujol)/cm* 
'1732 (C=0), 1640 (C=N), 1634 (C=C); 8h(300 MHz; CDCI3 ) 8.02 (4H, s, CH=N), 
7.52 (4H, d. J 15.4, Ar-CH=), 7.49 (4H, d, J 7.7, Ar-H), 7.38 (4H, s, Ar-H), 7.21-7.19 
(4H, m, Ar-H), 7.12-7.11 (4H, m, Ar-H), 6.85 (8 H, s, Ar-H), 6.25 (4H, d, J 15.4, CH- 
C=0), 4.42 (4H, d, J 13.5, C%HBAr), 3.91 (8 H, t, J 7.2, OCH2CH2), 3.52-3.50 (4H, 
m, CHN=CH), 3.21 (4H, d, J 13.5, CHA%Ar), 1.90-1.85 (8 H, m, CH2CH2O), 1.82- 
1.72 (16H, m, (CiOaCHN), 1.61-1.59 (16H, m, (0 ^ 2)2% ) ,  1.27-1.24 (8 H, m, 
(CH2)2C% ), 1.50- 1.35 (8 H, m, OCH2CH2CH2). 1 . 0 0  (1 2 H,t, J 8.3, CH3CH2); 8 . 
(CDCI3) 164.5,158.1,156.7,150.1,145.6,137.0,134.4,128.3,127.6,124.5,123.9,
122.9,120.7,114.1 74.3,68.8,33.3,31.2,30.0,24.6,23.7,18.3,14.3; m/z (LSIMS) 
1671 [M-HH]; Found C, 68.70; H, 7.36; N, 3.16% C108H124O12N4 ■ 2 CHCI3 requires C, 
69.21; H, 6.65; N, 2.94%.
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General experimental for dynamic m ixtures
0.007mmol of 131e was allowed to dissolve in chloroform (2 ml). Standardised 
solutions of benzylamine, tryptamine, butylamine and p-anisidine were prepared 
(0.06M, CHCI3)- 0.5ml of e ^ b  amine solution (0.029mmol) was added to the solution 
of 131e and 2 0 0 mg of 4A molecular sieves was added. The mixture was allowed to 
equilibrate over a 64hr period, after which most of the chloroform was removed under 
reduced pressure at RT. The brown solid was analysed by LSIMS without further 
treatment.
General experimental for heterodimeric amides of the type 159.160
Solutions of compound 159 (16.4mM) and compound 160 (16.4mM) inCDClg were 
prepared. Mixtures of the two in different ratios were prepared (0.5ml total volume).
ml of solutions/ 
0.5ml
Ratio 160 159
2.9 0.13 0.37
2.5 0.14 0.36
2.2 0.15 0.35
1.4 0.21 0.29
1.0 0.25 0.25
The individual 0.5ml samples were analysed by ^H-NMR.
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Dynamic Combintorial Systems (R=n-Bu)
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